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The c en tu ry  fo llow ing th e  p u b lic a t io n  o f N icolas C opern icus’ s 
De re ? o lu tio n ib u s  orbium c o e le s tiu a i i n  1^U3 was a p e rio d  of in te n s e  
i n t e r e s t  i n  many a sp ec ts  o f astronom y. Old th e o r ie s  were re v iv e d ; new 
ones were p roposed . The s tan d a rd  a stro n o m ica l in s tru m en ts  were inproved  
and used w ith  g re a te r  care  to  o b ta in  more accu ra te  o b se rv a tio n a l d a ta .  
The f ix e d  s t a r s  were recounted  and re  c h a r te d ; the  ap p aren t p a th s  of th e  
wandering s t a r s  were remapped. The same q u estio n s  were asked, b u t d i f ­
f e r e n t  answers were g iv en . Arguments from  a u th o r i ty ,  re a so n , observa­
t io n  and S c rip tu re  were used to  support and to  re fu te  b o th  f a m i l ia r  and 
s tran g e  hypotheses; and w hile n e i th e r  p ro o fs  nor d isp ro o fs  e s ta b l is h e d  
or f a l s i f i e d  any one p o s i t io n ,  the  ferm ent o f argument and c o u n te r -a r ­
gument served  to  sp read  one s e t  of new id e a s  and to  p rov ide  the  back­
ground f o r  the  newer s e t  y e t to  come.
Many f a c e ts  o f t h i s  a re a  of i n t e l l e c t u a l  h is to r y  have been ex­
amined in  d e t a i l :  the development o f a stronom ical sy stem s,^  th e  change
J .  L . E . D reyer, H is to ry  of th e  P la n e ta ry  Systems from Thales 
to  K epler (Cambridge: a t  the  U n iv e rs ity  P re s s , 1906); A lexandre Koyrê’,
La re v o lu tio n  astronom ique: C opernic, K epler, B o re l l i  ( P a r is :  Hermann,
1961).
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from  th e  image o f a  f i n i t e  to  th a t  of an i n f i n i t e  u n iv e rs e , th e  ques­
t io n  of th e  p ro b a b i l i ty  of the  e x is ten c e  of many w o rld s ,^  th e  su ccess iv e  
concepts o f sp a c e ,^  th e  c o n f l i c t  between th e  new le a rn in g  and the  old 
r e l ig io n ,^  th e  e f f e c t s  of th i s  d i f f e r e n t  w orld ou tlook  on magic and ex­
p e rim en ta l s c ie n c e ,^  th e  im pact of th e  new astronom y on th e  o th e r s c i ­
e n c e s .? Such s tu d ie s  have examined th e  se a rc h  f o r  s a t i s f y in g  answers to  
q u e s tio n s  t h a t  were p a r t s ,  consequences o r accompaniments o f  th e  t r a n s i ­
t io n  in  p h ilo so p h ic  thought t h a t  moved man from  the unique p h y s ica l po­
s i t i o n  he fo rm erly  occupied a t  th e  c e n te r  o f c re a t io n .
This work i s  concerned w ith  y e t a n o th e r  such qu estio n s  What 
moves the  c e l e s t i a l  b o d ies?  The problem  of who o r what moved th e  s t a r s ,  
p la n e ts .  Sun and Moon was an o ld  one. D uring th e  p e rio d  from 15Ü3 to  
1632 many answ ers—some new, o th e rs  n o t so new—were proposed to  i t .
Like a number o f q u e rie s  handed down th rough  th e  ages, t h i s  one ac ­
qu ired  a new s ig n if ic a n c e  when d iscu ssed  by  b o th  th e  Copernic ans and
2
Alexandre Koyr^, From the Closed World to  the I n f in ite  Universe 
(Baltim ore, Maryland : The Johns Hopkins P ress, 1957) »
^G rant M cColley, "The S even teen th -C en tu ry  D octrine  o f a P lu r a l i ty  
of W orlds," Annals o f  S cience , I  (1936), p p . 383-Ü30.
^Max Jammer, Concepts o f  Space; The H is to ry  of Theories o f Space 
in  Ph^rsics (Cambridge, M assachusetts; H arvard U n iv e rs ity  P ress , ~ Ï9^u).
^Paul H. K ocher, Science and R e lig io n  i n  E lizab e th an  England (San 
M arino, C a l ifo rn ia ;  The H untington L ib ra ry , 19^3). ”
^Lynn Thorndike, A H is to ry  of Magic and Experim ental S cience . V ol­
umes V and V I; The S ix te e n th  C entury, Volumes V II and V II I ;  The Seven­
te e n th  C entury  (New York; Columbia U n iv e rs ity  P re s s , 1 9 h l-193877
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Thomas S , Kuhn, The Copernican R ev o lu tio n ; P la n e ta ry  Astronomy 
i n  th e  Development o f W estern Thought (Cambridge, M assachusetts; Harvard 
U n iv e rs ity  S 'e s s /  19^7 J .
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th e  non-Copernicans in  th e  l a t t e r  p a r t  of th e  s ix te e n th  c en tu ry  and 
the  e a r ly  p a r t  o f th e  se v e n te e n th . Although th e se  d iscu ss io n s  produced 
no lo n g - l iv e d  answ ers, th e y  d id  tsn d  to  show how u n s a t i s f a c to ry  were 
many of th e  proposed p o ss ib le  so u rces  of m otive power; t has , th e y  c l a r ­
i f i e d  the problem  th a t  c o n fro n ted  the  n ex t g e n e ra tio n .
CHAPTER I  
THE HEAVENLY SPHERES
A lthough cosm ological sp e c u la tio n  i s  one o f m an's most an c ie n t 
i n t e l l e c t u a l  a c t i v i t i e s  and every c u l tu re  has co n stru c te d  i t s  own myths 
to  e x p la in  th e  surround ing  w orld , from  th e  fo u r th  cenv.ury b e fo re  C h ris t 
Greek cosmology dominated w estern  s p e c u la tio n s  in  t h i s  a re a  f o r  the  nex t 
two thousand y e a r s .^  Two H ellen ic  cosm ologies were o f  p a r t i c u la r  i n f l u ­
ence: The P la to n ic  and th e  A r is to te l ia n .  The o ld e r of th e se  system s,
th e  P la to rd .c , p o s tu la te d  a f i n i t e ,  s p h e r ic a l .  E a r th -c e n te re d  un iverse  in  
which f ix e d  and wandering s t a r s  governed by anima c i r c le d  around a s t a ­
t io n a ry  E a rth . For P la to  (Ii27-3ii7 B .C .) th e  world so u l dominated th i s  
cosmos and by i t s  in te l l ig e n c e  gave an e a s t- to -w e s t  d iu r n a l  motion to  th e  
f ix e d  s t a r s  and a l l  e ls e  benea th  them .^ The o th e r c e l e s t i a l  bodies each 
had a  s e p a ra te  so u l which a lthough i t  caused th a t  body to  move in  a w est-
^For th e  e a r ly  cosmologies se e : M ilton  K. Munitz ( e d . ) .  Theories
o f th e  U niverse from Babylonian I^yth to  Modern Science  (G lencoe, I l l i n o i s ;  
The F ree  P re s s ,  1957), pp.^-hO j W illiam  F a i r f i e l d  W arren, The E a r l i e s t  
Cosm ologies. The U niverse a s  P ic tu red  in  Thought by the  A ncien t Hebrews, 
B abylon ians, E gyp tians, G reeks, I r a n ia n s , and Indo-A ryans. A Guidebook 
f o r  B eginners i n  th e  Study o f  A ncient L i te r a tu r e s  and R e lig io n s  (New"York: 
Eaton & M ains, 1909); K ath leen  Freeman, The P re -S o c ra t ic  P h ilo so p h ers . A 
Companion to  D ie ls ,  Fragmente der V o rso k ra tik e r  Q d  ed . ; Oxford: B a s i l
B lack w ell, 1953).
^ F ran c is  MacDonald Cornford, P la to 's  Cosmology. The Timaeus of 
P la to  T ran s la ted  w ith  a Running Comm^tary (London: Rôütledge & Kegan
P au l L im ited , 19L8), pp . 7U-93; Timaeus 36 C-D.
2
t o - e a s t  d i r e c t io n  was no t e n t i r e ly  independ of e i t h e r  th e  world so u l 
or of a l l  o th e r  p la n e ta ry  s o u l s T h e  w orld so u l extended throughout 
the e n t i r e  u n iv e r s e ,^  b u t th e  p la n e ta ry  so u ls  had th re e  p o ssib le  modes 
of e x is ten c es
(1) The so u l may re s id e  w ith in  th e  whole s p h e r ic a l  body, and move 
i t  as ou r so u ls  move our b o d ie s . (2) Or th e  so u l may prov ide i t ­
s e l f  w ith  a body of i t s  own, c o n s is t in g  o f f i r e  o r  a i r ,  which en­
v elopes th e  s t a r ' s  body on th e  o u ts id e  and moves i t  m echan ically .
(3) Or th e  s o u l may have no body a t  a l l  and gu ide  th e  s t a r  by _
'some s u rp a s s in g ly  w onderful powers . . . which i t  p o sse sse s .
Man had no way o f knowing i n  which of th e se  th re e  ways th e  so u l moved th e  
p la n e t dependent upon i t .  The whole had been c re a te d  b u t would never be 
d estro y ed ; i t  was a un ique , g eo cen tric  plenum t h a t  was an im p erfec t, phys­
i c a l  form  o f a  p e r f e c t  id e a l  upon which i t  was m odeled.^
P la to  had asked h is  s tu d en ts  " to  f in d  what a re  th e  uniform  and 
ordered movements by th e  assum ption of which th e  phenomena in  r e la t io n  
to  th e  movements o f th e  p la n e ts  can be s a v e d . O n e  answer to  th is  
problem  was proposed by Eudoxus ( f l .  36? B .C .) , a  p u p i l  o f P la to , who 
d e sc rib e d  th e  m otion of a g iv en  p la n e t by  d e v is in g  a s e t  o f co n ce n tric . 
E a r th -c e n te re d  spheres fo r  t h a t  p la n e t .  The outerm ost sphere  of each  
s e t  d u p lic a te d  th e  motion o f  th e  sphere of f ix e d  s t a r s ,  t h a t  i s  i t  r o ­
ta te d  from  e a s t- to -w e s t  in  tw en ty -fo u r h o u rs . The n ex t in n e r  sphere 
tu rn ed  so  as to  accoun t fo r  th e  p la n e t 's  m otion along th e  zodiac; th e
^C ornford , P la to 's  Cosmology, pp . 1 0 5 -llU | P la to  Timaeus 38 C-39D.
^C ornford, P la to 's  Cosmology,  p .  58; P la to  Timaeus 3k  A-B.
■^Cornford, P la to 's  Cosmology, p .  108.
^ P la to  Timaeus x i ,  x iv ,  xv, xxx.
^S im p lic iu s De c a e lo, p . i|88, l8-2i|. H eib. as quoted in  Thomas L. 
H eath, Greek Astronomy (Londons J .  M. Dent & Sons L td . ,  1932), p. 67.
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t h i r d  sphere  had a  p e rio d  e q u a l to  th e  tim e in te r v a l  between su cc e ss iv e  
con ju n ctio n s  o f th a t  p la n e t and th e  Sun; th e  p e rio d  o f th e  fo u r th  sphere  
which c a r r ie d  th e  p la n e t on i t s  e q u a to r , was th e  same as t h a t  o f the  
two innerm ost sp h eres  ex p la in ed  th e  p la n e t ’s motion in  l a t i tu d e  from  th ''
O
e c l i p t i c  and i t s  in e q u a l i ty  o f m otion in  lo n g itu d e .
This th eo ry  of c e l e s t i a l  sp h e re s , which Eudoxus a p p a ren tly  con­
s id e red  only  a m athem atica l d e v ice , when jo in ed  to  P la to ’s two maxims,
(1) th a t  th e  a p p a ren t, i r r e g u la r  movements o f th e  heavenly  bodies must 
be the  r e s u l t  o f m u lt ip le ,  r e g u la r ,  c i r c u la r  m otions, and (2) th a t  th e  
phenomena must be saved , formed th e  fo u n d a tio n  f o r  a stro n o m ica l system s 
u n t i l  th e  beg inn ing  o f  th e  s ev e n te en th  cen tu ry .
The second of th e  m ajor Greek cosm ologies, th e  A r i s to te l i a n  sy s­
tem , in co rp o ra ted  many o f  th e  P la to n ic  id eas  in to  i t s  b roader th e o r e t i ­
c a l  s t ru c tu re .  The cosmos was s t i l l  f i n i t e ,  s p h e r ic a l  and f i l l e d  as was 
th e  P la to n ic  one; however, A r i s to t le  (3li8-322 B.C.) m odified  th e  p lan ­
e ta ry  anima of th e  P la to n ic  system  and added p h y s ic a l causes to  non- 
c o rp o rea l b e ings in  acco u n tin g  f o r  c e l e s t i a l  movements.
Motion in  th e  heavens was b u t a  s p e c ia l  form of the  f i r s t  type 
o f motus, lo c a l  m otion. T his movement from  one p lace  to  an o th er A ris ­
t o t l e  d iv id ed  in to  two k in d s : n a tu r a l  and v io le n t .  N a tu ra l motion
was f u r th e r  c a teg o rized  as  th e  r e c t i l i n e a r  m otion th a t  was n a tu r a l  to  
t e r r e s t r i a l  bodies and th e  uniform , c i r c u la r  m otion around a s ta t io n a r y
O
J .  L. E. D reyer, H is to ry  of th e  P la n e ta ry  Systems from  Thales to  
K epler (Cambridge: a t  th e  U n iv e rs ity  P re ss , 1906), pp . 87-107; P ie r re
Duhem, Le système du monde. H is to ire  des d o c tr in e s  cosmologiques de P la ­
to n  a C opernic, I  (P a r is :  Hermann e t  f i l s ,  1913), pp. 111-123.
7
c e n te r ,  th e  E a rth , t h a t  was p ro p e r to  th e  c e l e s t i a l  g lo b e s ,^  Thus, in  
th e  A r is to te l ia n  cosmology the movement o f th e  c e l e s t i a l  bod ies was gov­
erned  by th e  same th e o r e t ic a l  c o n s id e ra tio n s  as motas in  g e n e ra l.
A ll  m otions invo lved  th re e  th in g s :
th e  moved, th e  movent, and th e  in stru m en t o f m otion, Now the  moved 
must be in  m otion, b u t  i t  need no t move an y th in g  e l s e :  th e  in s t r u ­
ment of m otion must both move something e ls e  and be i t s e l f  in  motion: 
. . .  and th e  movent—th a t  i s  to  say , t h a t  which causes motion i n  such 
a  manner th a t  i t  i s  no t m erely th e  in s tru m en t o f m otion—must be un­
moved.
I n  th e  heavens th e  th in g s  moved were th e  f ix e d  s t a r s ,  th e  w anderers, th e  
Sun and th e  Moon; th e  in s tru m en ts  of m otion were th e  spheres moving these  
b o d ie s , and th e  movent was the Prime or Unmoved Mover. This F i r s t  Mover 
was e t e r n a l ,  unmovable, w ithou t magnitude o r p a r t s ,  in d iv i s ib le ,  impas­
s iv e ,  u n a l te r a b le ;  i t  e x is te d  o f  n e c e s s ity  and was lo c a te d  beyond th e  
sp h ere  o f th e  f ix e d  s t a r s .
In  o rd e r to  e x p la in  how th e  spheres a c te d  a s  in s tru m en ts  o f motion 
and how th e  in c o rp o re a l F i r s t  Mover moved th e se  c o rp o re a l b o d ie s , A r is to ­
t l e  concluded th a t  t h i s  " f in a l  cause , th e n , produces m otion as be in g  loved ,
12b u t a l l  o th e r  th in g s  move by b e in g  moved." However, u n le ss  th e  a e th e re a l  
sp h ere  were jo in e d  to  an  i n t e l l e c t i v e  a p p e t i te  capab le  o f lo v in g , th e  ce­
l e s t i a l  sphere would be unable to  respond to  th e  F i r s t  Mover and th e  F in a l 
Cause could no t produce m otion. T herefore "we may in f e r  th a t  th e  f i r s t
^ A r is to t le  De anima i .  3 . h06^ 12 -lL ; De cae lo  i .  2 . 268^ 11-269^
17; i i i - i v .
^ ^ A r is to t le  Physica  v i i i .  3 . 296^ ll;-2 0 .
^ ^ A r is to t le  M etaphysicaV L?. 1072& 23-1073^ 12.
^ I b id .,  1072^ 3-li.
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movable [ i . e .  th e  f i r s t  in s tru m en t o f m otion or th e  outerm ost heavenly 
s p h e r^  i s  a  body anim ated by an i n t e l l e c t u a l  s o u l . "^3
The i n t e l l e c t u a l  so u l of th e  sp here  o f f ix e d  s t a r s  th u s  responded 
to  th e  Prime Mover and produced th e  d iu rn a l  motion of th e  f ix e d  s t a r s .
This "prim ary e te r n a l  and s in g le  movement" im parted  to  th e  outerm ost 
sphere o f  th e  u n iv e rse  by th e  in c o rp o re a l Prime Mover th rough  th e  i n t e l ­
le c t iv e  a p p e t i te  was tra n s m itte d  by th e  m a te r ia l  sphere  to  a l l  o th e r  ce­
l e s t i a l  sp h e res . ^  Having accounted f o r  th e  prim ary c e l e s t i a l  movement, 
A r is to t le  ex p la in ed  th e  r e s t  of th e  system  in  much th e  same man n er. A ll 
o f the  c e l e s t i a l  bod ies below th e  f ix e d  s t a r s  e x h ib ite d  a  m otion o th e r 
than  th e  s in g le  prim ary one. S ince a l l  c e l e s t i a l  movements were e te r n a l  
and s in ce
e te r n a l  movement must be produced by something e te r n a l  and a s in g le  
movement by a s in g le  th in g , and s in c e  we see t h a t  b esid es  th e  sim ple 
s p a t i a l  movement o f th e  u n iv e rse , which we say th e  f i r s t  and unmov­
a b le  substance  p roduces, th e re  a re  o th e r  s p a t i a l  movements—th o se  of 
th e  p la n e ts —which a re  e te r n a l  ( f o r  a body which moves in  a c i r c l e  
i s  e te r n a l  and u n re s tin g ; we have proved th e se  p o in ts  in  th e  p h y s ic a l 
t r e a t i s e s ) ,  each o f th e se  movements a ^ o  must be caused by a substance 
both  unmovable in  i t s e l f  and e te r n a l .
These su b s ta n c es , unmovable in  them selves and e te r n a l ,  were th e  
spheres A r i s to t le  adopted  from Eudoxus each anim ated by i t s  own s o u l.
These dev ices were now a rranged  in  a  s in g le  a rra y  o f some f i f t y - f i v e  geo­
c e n tr ic  sp h e re s , one n e sted  w ith in  a n o th e r j each a tta c h e d  to  th e  nex t
13■^Thomas A quinas, T re a t is e  on S ep ara te  S ubstances, t r a n s .  F ran c is  
J .  Lescoe, (West H a rtfo rd , C on n ec ticu t; S a in t Joseph  C o llege, 1959), p . 25.
^ A r i s t o t l e  M etaphysicaVL 8,1073^ 2it-1073^ 2 .
^ % i d . , 1073^ 25-3b.
^^A quinas, T re a tis e  on S ep a ra te  S ubstances, p . 25.
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la rg e r  sp h ere . Every sphere had an a x is  in c l in e d  to  th e  a x is  o f th e  nex t 
la rg e r  sp h e re , and each had a  proper r a t e  o f n a tu ra l  m otion abou t i t s
a x is .  A l l  of th e  spheres were composed of a  s p e c ia l  n o n - t e r r e s t r i a l  e l e ­
ment, a e th e r .
P rev io u s ly  th e se  sp h eres  had n o t been thought of as p h y s ic a l  r e a l ­
i t i e s  nor had th e y  been jo in e d  in to  a  s in g le  system . A r i s t o t l e ’ s making
the system  a h ig h ly  p h y s ic a l one gave a p le a s in g  cosm ological a rra n g e ­
ment b u t in tro d u c e d  s t r u c t u r a l  d i f f i c u l t i e s .  'While th e  jo in in g  o f each 
sphere to  th e  sphere  above i t  allow ed th e  motion of th e  sphere  o f  th e  
f ix e d  s t a r s  to  be tra n s m itte d  to  a l l  in n e r  sp h e re s , i t  a lso  communicated 
the  s p e c i f ic  m otion o f each sphere  to  a l l  th o se  w ith in  i t .  Thus, each 
re c e iv e d  n o t only  th e  motion o f the  f ix e d  s t a r s  bu t a lso  th e  m otion p ro p er 
to  ev ery  p la n e t  above i t .  To co u n te rac t t h i s  accum ulation o f m otions 
A r is to t le  p laced  a  s e t  of u n ro ll in g  sp h eres  between th e  s e t  o f sph eres  
governing one p la n e t  and th a t  o f the  n e x t. These u n ro l le r s  had th e  same 
ang les o f in c l in a t io n  and r a te s  o f m otion as th o se  above them b u t th e  
d ire c t io n s  of r o ta t io n  were re v e rse d .
The e n t i r e  system  c o n s is te d  of a n e s t o f r o ta t in g ,  hom ocentric  
spheres cen te red  about a non-moving E a r th . The Prime Mover of th e  u n i­
v e rse  a f f e c te d  a com plete r o ta t io n  o f  th e  outerm ost sp h ere , t h a t  of th e  
f ix e d  s t a r s ,  every  tw en ty -fo u r hours. Im m ediately w ith in  th e  s t a r r y  
sphere and jo in e d  to  i t  a t  two a x ia l  p o in ts  was th e  f i r s t  o f S a tu rn 's  fo u r  
sp h eres ; t h i s  sphere moved w ith  th e  m otion o f the  sphere of f ix e d  s t a r s  
and a ls o  had ,u n d er th e  guidance of i t s  anim a, i t s  own p roper m otion. W ith-
A r i s to t l e  M etaphysica-A .8,1073^ 38-lOyl;^ lii.
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in  t h i s  sphere  and jo in e d  to  i t  was th e  second sphere  o f  S a tu rn ; th i s  
sphere  moved w ith  th e  m otion of th e  sphere o f f ix e d  s t a r s ,  th e  motion 
of S a tu rn ’ s f i r s t  sphere  and i t s  own n a tu r a l  m otion. The system  con­
tin u e d  on inw ard th rough  th e  spheres re q u ire d  to  e x p la in  th e  ap p aren t 
m otions of th e  p la n e ts  and th e  " u n ro ile rs "  which can ce led  th e  m otions 
from one p la n e t ’s s e t  o f spheres so th a t  th e  f i r s t  sphere  o f th e  nex t 
p la n e t  re c e iv e d  only th e  m otion o f  th e  sphere o f th e  f ix e d  s t a r s .
A r is to t le  p rov ided  an in te g ra te d  and h ig h ly  m ech an is tic  th e o ­
r e t i c a l  s t r u c tu r e  to  account f o r  th e  c e l e s t i a l  m otions; he d id  n o t g ive 
th e  m athem atica l d e t a i l s  f o r  i t .  The an g les  o f i n c l in a t io n  and th e  
speeds o f th e  sp h eres  were not s p e c if ie d ;  com putations i n  th e  system
-I O
would no t work w ith  th e  f i f t y - f i v e  spheres counted in  th e  M etaphysica. 
Such th in g s ,  a p p a re n tly , were o f l i t t l e  i n t e r e s t  t o  h im . The c a lc u la ­
t io n s  o f th e  va lu es  o f th e  param eters  were l e f t  to  someone who was i n ­
te r e s t e d ;  A r is to t le  was n o t.
F ive  c e n tu r ie s  l a t e r  Claude Ptolemy ( f l .  1^0 A .D .), a man who 
was in te r e s t e d  i n  such m a tte rs , a p p lie d  q u a n t i ta t iv e  and m athem atical 
tech n iq u es  to  th e  problem  o f  p la n e ta ry  m otions and p u b lish ed  th e  r e ­
s u l t s  o f th e se  s tu d ie s  i n  h is  Almagest . T h i s  g re a t  sy n th e s is  was an 
a s tro n o m ica l system  no t a  cosm olog ical one. In  h is  e f f o r t s  to  d e sc r ib e
^^Ib id . ,  107li® 2-13.
^^C laudius P to lem aeus, Magnae com position is C l. P to lem aei A lexan- 
d r i n i  l i b r i  à Georgio T rapezuntio  e Grgco C onversi in  C la v d ii P to lem aei 
p e lu s ie n s is  A lex an d rin i omnia quae e x ta n t o p era , p r a e te r  geographiam , 
quam non d i s s im i l i  forma nuperrim ê aedidim us: summa cu ra  & d i l i g e n t i a
c a s t ig a ta  ab Erasmo Osualdo S chrekhenfuchsio , & ab eodem is a g o ic a  T n 
almagestum p ra e fa t io n e ,  & f id e  l i s  s im is in  p r io r e s  l ib r o s  anno ta tio n i'b u s  
i l l u s t r a t e ,  quemadmodum sequens pag ina  ca ta lo g o  in d ic a t  (B a s ile a e : [ In  
o f f ic in a  H enri ch i P e t r i ,  1551] ) ,  pp. 1-327*
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th e  m otions of th e  f ix e d  and wandering s t a r s ,  P toleiry a ttem p ted  to  r e ­
duce th e  ap p a ren t c e l e s t i a l  m otions to  a s e r ie s  of un ifo rm , c i r c u la r  ones 
by using  n o t only hom ocentric and e c c e n tr ic  spheres b u t a lso  e p ic y c le s , 
sph eres  whose c e n te rs  la y  on th e  su rfa c e  o f  o th e r c e l e s t i a l  spheres r a th ­
e r  th an  b e ing  hom ocentric w ith  them . Each c i r c le  o f  th e  P to lem aic  system
20had i t s  own n a tu r a l  movement, and a lth o u g h  each o f th e  speeds was u n i­
form  and c i r c u l a r ,  th e  A r is to te l ia n  requ irem en t th a t  a l l  c e l e s t i a l  motions 
be c en te red  around a  s ta t io n a r y  E a rth  was ig n o red . A second type o f u n i­
form  c i r c u la r  m otion, a  non E a r th -c e n te re d  movement, had been in c o rp o ra t­
ed in to  a s tro n o m ica l th e o ry .
Ptolemy a ls o  inc luded  a  new concept o f sphere in  h is  system . In  
th e  hom ocentric arrangem ent each sphere  had depth b u t no p a r t s .  A ssoci­
a te d  w ith  each p la n e t were s e v e ra l  sph eres  whose combined m otions ac ­
counted f o r  th e  ap p aren t m otion of th e  moving body. In  the P to lem aic  
system  th e  sphere o f each p la n e t inc luded  th e  p a r ts  o f th a t  p l a n e t 's  sy s­
tem . Thus, f o r  example, the  sphere  o f Venus was composed of an e c c e n tr ic
d e fe re n t ( th e  c i r c u la r  p a th  around th e  E arth  along which th e  c e n te r  of the
21e p ic y c le  moved) and an e p ic y c le . Each p la n e t ,  however, had on ly  one 
sp h e re , com prising th e  whole o f i t s  system , which was considered  geocen­
t r i c .  In  l a t e r  w r it in g s  th e  e x p re ss io n  " th e  sphere o f Venus" could mean 
e i th e r  th e  s e t  o f A r is to te l ia n  hom ocentric spheres connected w ith  Venus's 
m otion, th e  s p e c i f ic  hom ocentric sphere  upon which th e  p la n e ta ry  body was 
c a r r ie d ,  o r th e  g e o c e n tr ic  P to lem aic  sphere  o f Venus.
POI b i d . ,  Book I I I ,  Chapter 3 , p . 62.
^ ^ b i d . .  Book X, C hapters 1 -3 , pp. 23li-236.
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U sually  th e  w r i te r  of a g e n e ra l cosmology d id  n o t d is t in g u is h  be­
tween th e  A r i s to te l i a n  and P to lem aic  spheres fo r  th e  p la n e ts .  He simply- 
s ta te d  th a t  e ig h t ,  n in e  o r sometimes te n  spheres composed th e  heavens. 
Those astronom ers concerned only w ith  d e sc r ib in g  th e  heavenly m otions 
most f r e q u e n tly  p re fe r re d  th e  P to lem aic system  w hile  th o se  in te r e s te d  in  
th e  p h y s ic a l r e a l i t y  o f th e  heavens e i th e r  r e je c te d  th e  system  o f  th e  
Almagest or t r i e d  to  in c o rp o ra te  th e  m athem atica lly  u se fu l P to lem aic  hy­
p o th eses  in to  th e  A r i s to te l i a n  cosmology.
The f i r s t  a ttem p t to  e x p la in  th e  heavens p h y s ic a lly  in  term s of
th e  th e o ry  o f th e  Almagest was made by P to len y  h im se lf in  th e  Hypotheses 
22p lanetarum , a  work w r i t t e n  sometime a f t e r  he had developed th e  th eo ry  
o f th e  A lm agest. The u n iv e rse , as d e sc rib e d  in  th e  Hypotheses, c o n s is te d  
o f n ine  hom ocentric s p h e re s . The outerm ost o f th e se  was a sphere  w ith o u t 
s t a r s ,  th e  motor sp h e re ; n e sted  w ith in  t h i s  sphere were th e  sphere  o f th e  
f ix e d  s t a r s  and th e  seven  spheres f o r  th e  rem ain ing  c e l e s t i a l  b o d ie s .
Each p la n e ta ry  sphere was di-vided in to  two s h e l l s  w ith  an e c c e n tr ic -d e ­
f e r e n t  s h e l l  between them. A sm all p la n e t-c a r ry in g  sp h ere , th e  e p ic y c l ic  
sp h ere , moved th rough  th e  d e fe re n t re g io n  and ro ta te d  around i t s  a x is  as 
i t s  c e n te r  p ro g ressed  a long  th e  d e fe re n t p a th . A ll  p a r ts  o f th e  sphere
were in te rc o n n e c te d  and th e  p o le s  o f one sphere were f ix e d  in  th e  lower
su rfa ce  o f th e  sphere  above i t .  The non-moving E arth  r e s te d  a t  th e  cen-
23
t e r  of th e  sys-bem.
22
George S a r to n , In tro d u c tio n  to  th e  H is to ry  o f S c ience , I  ( B a l t i ­
more, M aryland: The W illiam s and W ilk ins Co., 19^0), p . 277 g iv e s  the
Greek t i t l e  and a  b r i e f  d e s c r ip t io n  of t h i s  work.
23
E. J .  D ijk s te rh u is ,  The M echanization o f  the  World P ic tu r e ,  t r a n s .  
G. D ikshoorn (O xford: a t  th e  C larendon P re s s , 1961), pp . 66-67; Duhem, Le
système du monde, I I ,  pp. 87-93.
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The motor fo rc e s  i n  t h i s  system  re s id e d  i n  s e v e ra l  b o d ie s : th e  mo­
t o r  sp h e re , th e  s t a r r y  sp h e re , th e  p la n e t s .  The motor sphere  in ç a r te d  th e  
e a s t- to -w e s t d iu rn a l m otion to  th e  sphere  o f f ix e d  s t a r s  a t  th e  same tim e 
th a t  t h i s  s ta r r y  sp h ere  had i t s  own very  slow  w e s t- to -e a s t  m otion. The com­
b in a t io n  o f these  two movements produced th e  d iu rn a l  m otion of th e  heavens 
as  w e ll  as th e  p re c e ss io n  of th e  equinoxes which Hipparchus ( f l .  129 B .C .) 
had p o s t u l a t e d , A l t h o u g h  th e  spheres were jo in e d  in  one system , Ptolemy 
d id  no t a llow  th e  m otion o f one sphere  to  a f f e c t  those  w ith in  i t  excep t fo r
th e  t r a n s f e r  from  th e  motor sphere  to  th e  s ta r r y  one. Each sphere  i n  th e
pc
r e s t  o f the system was independent o f  a l l  the o th ers .
The movements w ith in  each sphere were proper to  i t ,  but a l l  fo llow ed
a general plan . Each c e le s t ia l  body p ossessed  a v i t a l  fo rce  which con­
tr o lle d  a l l  the motions o f i t s  sphere:
"o'e s t  donc a s tr e  lui-meme qui donne le  mouvement, d 'abord à 1*e p i­
c y c le , puis a l ' orbe excentrique, e n fin  à l'o r b e  qui a pour centre le  
centre du Monde; d 'a i l le u r s ,  l e  mouvement q u ' i l  communique e s t  d if f e r ­
ent aux d ivers l ie u x  oif i l  e s t  reçu; de même, en nous, la  fo rce  de la  
pensee n 'e s t  pas éga le  à la  fo rce  de 1 ' im pulsion même (que c e t te  pensée  
dé^termine); la  fo rcé  de c e t te  im pulsion n 'e s t  pas éga lé  à c e l l e  qui 
a g it  dans le s  m uscles, n i c e l l e  c i  a la  puissance qui meut le s  p ied s;  
ces forces d if fé r e n t le s  unes des au tres sous un certa in  rapport, sous 
l e  rapport de la  tendance par la q u e lle  e l le s  se  m anifestent au dehors."
^\]ühem . Le système du monde, I I ,  p , 90«
^^ I b id . , pp , 93-91,
2éI b id ., pp, 9%98: " it  i s  th us, th e star  i t s e l f  which g ives move­
ment f i r s t  to  the e p ic y c le , then to  the ecc e n tr ic  orb, f in a l ly  to  the orb 
which has for i t s  center the center o f th e  world; moreover, the movement 
which i t  communicates i s  d if fe r e n t  in  th e d iverse  p la ces  where i t  i s  re ­
ceived; in  the same way, as in  u s, the fo r c e  of thought i s  not equal to  the 
fo r c e  o f  the impulse (which th at thought determined) ; the force  of th at im­
p u lse  i s  not equal to  th a t which i t  makes in  the m uscles, nor th a t la s t  to  
th e power which moves the f e e t .  These fo r c es  are d if fe r e n t one from an­
other in  a certa in  resp ec t, in  respect to  the tendency by which they mani­
f e s t  them selves on the ou tsid e."  Duhem c ite d  as the source fo r  th is  quota­
t io n :  C laudii Ptolem aei, Opera quae exstan t omnia. Volumen I I :  Opera a s -
tronomica minora. Edidit J . L. H eiberg, L ip sia e , MDGCCCVII, pp. 119-120,
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From man’s o b s e rv a tio n a l s ta t io n  a t  th e  cen te r of t h i s  System , 
the  v a rio u s  m a n ife s ta tio n s  o f  th e  v i t a l  fo rc e  of a  c e l e s t i a l  body were 
th e  same motions as th o se  which had been d iscussed  in  th e  A lm agest» The 
a s t r a l  fo rc e  made th e  o u te r  and in n e r  su rfa c e s  of th e  p la n e ta ry  sphere 
move w ith  th e  d iu rn a l  m otion and th e  slow m otion o f  th e  s t a r r y  sp here  re ­
s p e c t iv e ly .  The m otion o f  th e  e p ic y c lic  sp h ere  along th e  d e fe re n t  p a th  
was th e  same as th e  speed of th e  c e n te r  o f th e  ep icy c le  on th e  d e fe re n t ,  
and th e  r o ta t io n a l  m otion of th e  e p ic y c lic  sphere corresponded  to  th e  
m otion o f the  p la n e t  on th e  e p ic y c le .^ ?
I n  the  c e n tu r ie s  t h a t  fo llo w ed , th e  p h y s ic a l system  of th e  Hypo­
th e se s  was not so w id e ly  accep ted  as th e  m athem atical th e o ry  o f th e  A l­
m agest. Ibn  Al H aitam , A lhazen (96i|-1039), p resen ted  a m odified v e rs io n  
of t h i s  system i n  h is  Resume of Astronomy i n  which he l im ite d  th e  d iu rn a l  
r o ta t io n  to  the n o n -p la n e ta ry  sp h e res , b u t  even th i s  s im p l i f ic a t io n  d id
28not in c re a s e  the  p o p u la r i ty  o f t h e  th e o ry . The b a s ic  reaso n  f o r  th e  r e ­
c e p tio n  o f the  m athem atica l system  and th e  r e je c t io n  o f th e  p h y s ic a l one 
was p ro b ab ly  th e  n o n -E arth  c e n te re d , un ifo rm , c i r c u la r  m otion. While i t  
was p e rm iss ib le  to  use  t h i s ,  or any s im i la r ly  imagined movement, in  com- 
posijcg a system t h a t  m erely  accounted m athem atica lly  f o r  c e l e s t i a l  phe­
nomena, f o r  anyone w ish ing  to  d e sc rib e  th e  un iverse  as i t  a c tu a l ly  e x is te d  
th e  E a rth  cen teredness of a l l  motions was an ab so lu te  req u irem en t. Such a 
p r e r e q u is i te  c o n d itio n  in  th e o ry  meant a  r e tu r n  in  p r a c t ic e  to  th e  homo­
c e n tr ic  sphere system .
27i)uhem, Le systèm e du monde, I I ,  p p . 90-91, 98.
^^Alhazen, Resume of Astronomy from  th e  L a tin  t r a n s la t io n  by 
Abraham de Bale ms. Codex V a tica n a  L a tin a  U566, "Sermo de o rb e , " p p . 9-10, 
"Sermo de maximo o rbe , " p p . 10-19 ; Duhem, Le système du monde, I I ,  p p .
119- 1 2 9 .
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As a r e s u lt  o f th is  s itu a t io n  two d is t in c t  tr a d it io n s  p reva iled  in  
astronom ical w r itin g s . In th e  m athem atical, th e o r e tic a l works no attempt 
was made to  account fo r  the motor fo r c es  in  the system . E picycles and ec­
cen tr ic  deferents were only mental images and the th o u ^ t  process which 
created them was s u f f ic ie n t  explanation  for  th e ir  m otions. The sphere of 
the f ix e d  s ta r s ,  w ith  or without a motor sphere above or below i t ,  turned 
about th e  Earth once a  day and carried  a l l  other spheres w ith  i t .  What­
ever other elem ents were included in  the system had th e ir  own motions a s­
signed to  them. So long as th ese  motions were uniform and c ircu la r  and 
so long as only one motion was natural to  each, no cause o f th e  motion 
needed to  be g iven . Everyone knew the heavenly bodies moved and i f  one 
charted th ese motions i t  was not necessary to  exp la in  them.
In con trast, th ose  concerned w ith the p h ysica l r e a l i t y  o f  the uni­
verse trere not in ter e sted  in  the d e ta i ls  o f the day by day movements in  
the system  but did want to  know th e causes o f th ese m otions. A r is t o t le ’s 
p ostu la te  th at heavenly bodies moved ’’n a tu ra lly ” w ith a uniform, c ircu la r  
motion was inadequate by i t s e l f  to  account for  the v a r ia tio n  in  c e l e s t ia l  
movements. A ll  of the heavenly sp h eres, a lth o u ^  composed o f the same 
f i f t h  elem ent, aeth er , did not have the same s p e e d . S u c h  an in c o n s is ­
tency could not be exp la in ed , as unequal natural t e r r e s t r ia l  motions could , 
by a d ifferen ce  in  heaviness or by an eagerness of the body to  reach i t s  
natural p lace because the quintessence could "possess no lig h tn e ss  or 
heaviness a t  a l l , ”^  ̂ and i t  was already in  i t s  natural p la c e . The
^^Caesar Cremonis, D isp u tatio  de coelo  in  tr e s  partes d iv is a . De 
natura c o e l i .  De motu c o e l i .  De motoribus c o e l i  a b s tr a c t is .  A diecta e s t  
apologia dietorum A r is t o t e l is  de v ia  la c te a . De fa c ie  in  orbe lunae.
(Apud Thomam Baliornum: V e n e tiis , 1613J, p. 203.
^ ^ A r is to t le  De caelo  i .  3 . 270®' 6 -7 .
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i n t e l l e c t i v e  a p p e t i te  A r is to t le  had im plied  was jo in ed  to  th e  m a te r ia l  
sphere  had long  been overshadowed by th e  m otion n a tu r a l  to  th e  heavens.
Some a d d i t io n a l  cause f o r  c e l e s t i a l  m otions was needed.
The cause most f re q u e n tly  a ss ig n ed  fo r  th e  nex t thousand y ears  was 
some form  o f  a  n o n -co rp o rea l be ing . That such c re a tu re s  e x is te d  had been 
in f e r r e d  from  th e  p a t te r n  o f c re a tio n . S ince th e  low est form  o f  c rea ted  
b e in g  was th e  p u re ly  m a te r ia l ,  n o n - s p i r i tu a l  m a tte r , symmetry demanded 
t h a t  th e  h ig h e s t  form of c re a tu re s  be n o n -m a te ria l, p u re ly  s p i r i t u a l  be­
in g s .  The a t t r i b u t e s ,  fu n c tio n s  and uses which ph ilo so p h ers  ass ig n ed  to  
th e se  c re a tu re s  v a r ie d , b u t bo th  C h r is t ia n  and A rabic w r ite r s  i n  th i s  
p e rio d  made use  of them to  account f o r  th e  motions of th e  p la n e ts .
In  th e  Ju d eo -C h ris tian  t r a d i t io n  th e se  c re a tu re s  were c a l le d  an g e ls . 
Whether a  European C h r is t ia n  w r i te r  in  th e  p e rio d  fo llow ing  the  f a l l  o f 
th e  w estern  Roman Enç>ire b u i l t  h is  cosmology upon what H e l le n i s t ic  know­
ledge was a v a i la b le  to  him o r  upon an extrem e l i t e r a l  in t e r p r e ta t io n  of 
S c r ip tu re ,  he could e a s i ly  in tro d u ce  an g e ls  as  o p e ra tiv e  agen ts i n  th e  u n i­
v e r s e . T h e  fu n c tio n  o f movd.ng_the p la n e ts  which P la to  had a ss ig n ed  to  
am' ma was q u ic k ly  t r a n s f e r r e d  to  th e  heavenly  m essengers known from  bo th  
th e  Old and th e  New Testam ent w r i t in g s , and such S c r ip tu ra l  passages as 
"E en ed ic ite  Domino, oranes a n g e li  e ju s ,  p o te n tes v i r t u t e ,  f a c ie n te s  verbum 
i l l i u s ,  ad audiendam vocem sermonum e ju s .  E en ed ic ite  Domino, omnes v i r tu te s
^ ^ h e  e a r ly  C h r is t ia n  w ritin g s  on cosmology a re  d iscu ssed  in ;  Lynn 
Thorndike, A H is to ry  o f  Magic and E xperim ental Science during  th e  F i r s t  
T h irte en  C en tu ries  of Our E ra (New York: Columbia Ü n iv e rs ity  P re s s ,  19U7),
I ,  pp. U80-503; A. C. Crombie, A ugustine to  G a lile o . The H is to ry  of Science 
A .D ^L 00-l6^0  (London: Falcon  E d u ca tio n a l Books, 1952), pp. 1 -6 ; Duhem,
Le système du monde, I I ,  pp. 393-^01; D reyer, H is to ry  o f th e  P la n e ta ry  Sys­
tem s, pp . 207- 220 .
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32e ju s , m inis t r i  e ju s  q u i f a c i t e s  vo lun ta tem  e ju s"  were in te r p r e te d  as
a u th o r i ty  f o r  th e  view th a t  th e  f ix e d  and wandering s t a r s  were moved by 
33a n g e lic  power.
As C h r is tia n  p h ilo s o p h ic a l though t conceived a s e r ie s  of a n g e lic  
ch o irs  which in c lu d ed  a l l  s p i r i t u a l  beings o th er th a n  th e  human s o u l ,  th e  
e a s te rn  Is la m ic  c u l tu re  developed i t s  own h ig h ly  organ ized  th eo ry  of non­
m a te r ia l  b e in g s . The h ig h e s t ,  th o se  which emanated d i r e c t ly  from  th e  
C rea to r, were th e  I n te l l ig e n c e s .  From th e s e ,  in  tu rn ,  came th e  s o u ls ,  
sometimes accompanied by  a  second degree in te l l ig e n c e .  A t h i r d  common 
b u t n o t e v e r -p re se n t s p i r i t u a l  be ing  was th e  f i r s t  substance  which may o r 
may no t have o r ig in a te d  from th e  s o u ls .  This g e n e ra l p a t te rn  was wide­
spread  i n  A rabic m e tap h y sica l l i t e r a t u r e  b u t the  su b d iv is io n s  w ith in  i t  
were no t uniform  from one sch o o l to  a n o th e r .
Of th e  many sch o o ls  o f Is la m ic  p h ilo so p h ic  t h o u ^ t  only  two w i l l  
be considered  h e re : The en cy c lo p a ed is ts  whose p ub lished  works inc luded
a l l  b ranches of knowledge b u t whose tre a tm e n t of t h e i r  s u b je c t was a gen­
e r a l  p o p u la rized  one, and th e  f a l a s i f a  sch o o l, th e  fo rem ost p h ilo so p h e rs ,
32Psalm c i i :  21-22: "B less th e  Lord, a l l  you angels  of h is ;  an g e ls
of sovere ign  s tr e n g th , t h a t  c a rry  ou t h is  commandment, a t t e n t iv e  to  th e  
word he u t t e r s ;  b le s s  th e  Lord, a l l  you h o s ts  of h i s ,  th e  s e rv a n ts  th a t  
perform  h i s  w i l l .  . . . "  E n g lish  t r a n s l a t i o n  from : The Old Testam ent.
Newly t r a n s la te d  from  th e  V ulgate  L a tin  by Msgr. Ronald Knox a t  th e  Be­
q uest of His Eminence The C ard in a l A rchbishop of W estm inster (2 v o l s . ;
New York: Sheed & Ward, I n c . ,  1950), I I ,  p . B73»
33Cosmas In d ic o p le u s te s ,  Cosmae A eg y p tii monachi C h r is tia n a  to p o - 
g rap h ia , s iv e  C hris tiano rum  o p in io  de mundo in  Migne, P a tro lo g iae  G raecae, 
LXXXVIII, c o ls . h03-hlU .
^^A vicenna, A vicennae M etaphysices compendium, t r a n s la te d  from  
A rabic in to  L a tin  by N em atallah  Garame (Roma: P on t. In s ti tu tu m  O rien ta liu m
Studiorum , 1926), pp . 169-172; Henry C orbin, Avicenna and th e  V isionary  Re­
c i t a l .  t r a n s la te d  from th e  French by W illa rd  R. T rask (New York: Pantheon
Books, I n c . ,  i 960) ,  pp. Ü6-77.
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whose w r it in g s  were g e n e ra lly  l e s s  d iv e rse  b u t whose method emphasized a 
study  of th e  Greek sou rces whenever p o s s ib le  and a r e tu r n  to  th e  te a c h in g s  
o f A r i s to t le  a t  a l l  t i m e s . I t  was th e  l a t t e r  group, a s  re p re se n te d  by 
Avicenna (d , 1039), A verroes (1126-1198) and Moise }!aimonides (1139-120li), 
t h a t  e x e rc ise d  th e  g re a te r  in f lu e n c e  on w estern  European s c h o la rs .
The Encyclopaedia o f th e  B ro thers  o f P u r i ty ,  a  te n th  cen tu ry  Ar­
ab ic  B rotherhood devoted to  th e  s tu d y  o f r e l ig io n  and ph ilo so p h y , a ss ig n ed  
two powers to  th e  u n iv e r s a l  so u l t h a t  was th e  f i r s t  s o u l o r ig in a t in g  from 
I n te l l ig e n c e .  By th e  f i r s t  power, th a t  o f knowing, th e  world s o u l  u n ite d  
w ith  f i r s t  su b stan ce  to  form  a l l  m a te r ia l  o b je c ts . Thus, th e  c e l e s t i a l  
sp h eres  were form ed. By th e  second, th e  power o f d o in g , t h i s  s o u l en­
dowed each p ie c e  o f m atte r w ith  th e  p e r fe c t io n  i t  shou ld  have. The p e r ­
f e c t io n  o f th e  heavenly b o d ies  in c luded  a  c i r c u la r  m otion n a tu r a l  to  each; 
i n  t h i s  manner th e  second power tu rn e d  th e  sp h e res : "C-^est à c e t te  fo rc e
qu’ on donnera désorm ais l e  nom d ’âme p a r t i c u l i è r e  du corps c e le s te .^ ”^^
The B ro thers  o f P u r ity  a p p a re n tly  d id  n o t go beyond th e  naming of th e se  
in d iv id u a l  a c ts  of o p e ra tiv e  power in  th e  w orld so u l. The cosmology o f 
th e  Encyclopaedia as d e sc rib e d  by P ie r re  Duhem and o th e rs  had n e i th e r  th e  
f in e  s t r u c tu r e  nor th e  l a s t in g  in flu en c e  of th e  f a l a s i f a  sch o o l.
To Avicenna th e  o r ig in  of h is  p la n e ta ry  so u ls  and t h e i r  o p e ra tio n  
was somewhat d i f f e r e n t .  For him a s  f o r  th e  B ro th ers  th e  f i r s t  in te l l ig e n c e
^^G arra de Vaux, Avicenne (P a r is :  F e lix  A lcan, 1900), pp. 79-126;
De Lacy O’Leary, A rabic Thought and I t s  P lace  i n  H is to ry  ( re v . e d . ;  Lon­
don: R outledge & Kegan P au l L td . ,  195U), pp . 135-180.
^^Duhem, Le systèm e du monde, I I ,  pp. 168-170: " I t  i s  to  th a t
fo rc e  th a t  one w i l l  h e n ce fo rth  g iv e  th e  name of th e  p a r t i c u la r  so u l o f a 
c e l e s t i a l  body."
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proceeded d i r e c t l y  from  th e  C re a to r . From i t ,  however, th re e  th in g s  ema­
n a ted : a  second in te l l ig e n c e ,  th e  s o u l  (form) o f th e  f i r s t  c e l e s t i a l
sp h e re , and th e  body (m atte r) of t h a t  sp h ere . The second in te l l ig e n c e  was 
th e  source  o f th e  th i r d  in te l l ig e n c e ,  th e  so u l and body o f  th e  t h i r d  sphere 
and so on inward through  th e  n in e  c e l e s t i a l  sp h e re s . The in te l l ig e n c e  o f 
th e  n in th  sphere produced th e  te n th  in te l l ig e n c e  which governed th e  w orld 
and th e  so u l and body o f th e  Sarth.^"^ Each of th e  f i r s t  n ine  so u ls  im­
p ressed  a  fo rc e , mayl, upon th e  body of th e  sphere i t  governed. S ince "«l e  
mayl e s t  une q u a l i t é  p a r  la q u e l le  l e  corps rep ousse  ce q u i l ’empêche de se 
mouvoir dans une d i r e c t io n  q u e lco n q u e ,” '^® s in c e  th e re  was no r e s is ta n c e  
o ffe re d  to  c e l e s t i a l  movements, and s in c e  A vicenna’s mayl d id  n o t d im in ish  
u n le ss  th e  moving o b jec t in  which i t  re s id e d  met some o b s tac le  to  i t s  mo­
t io n ,  th e  movements o f th e  spheres would rem ain constant e te r n a l ly .
A lthough t h e i r  term inology d i f f e r e d ,  b o th  the  B ro thers and Avicenna 
considered  th e  e f f e c t iv e  tu rn in g  power o f th e  sp h e re , e i th e r  the  so u l or 
th e  mayl, to  re s id e  w ith in  th e  sphere  w hile  th e  source of th a t  re s id e n t  
power came from  a  h ig h e r s p i r i t u a l  b e in g . Some in te rm ed ia te  s te p  between 
th e  h ig h e s t o f th e  c re a te d  beings and th e  m a te r ia l  heavens was considered
C orbin, Avicenna, pp. 99-62; A. M. Goichon, le  r é c i t  de Hayy ib n  
Yaqzân. Commenté par des te x te s  d ’A vicenne. A vant-propos, tra d u c tio n s , 
e x p lic a tio n s  e t  n o tes  (P a r is :  D esclee de Brouwer, 1959), pp. 131-lhO.
^®S. P in e s , "Les p re c u rse n rs  Musulmans de la  th é o rie  de 1 ’ im petus,"  
A rcheion, XXI (1938), p . 301: "The Mayl i s  a q u a l i ty  by which th e  body
re p e ls  th a t  which h in d e rs  i t  from  moving i t s e l f  i n  any d i r e c t io n  w h atever."  
P ines c i te d  as th e  source f o r  t h i s  q u o ta tio n : "r i s â l a t  a l-h u d êd , t i s ’
r a s é ’1 Is ta n b u l  1298h, p . 69 ."
^^P in es, A rcheion, pp. 300-303; A. C. Crombie, "Avicenna’ s I n f lu ­
ence on th e  M edieval S c ie n t i f i c  T r a d i t io n s ,"  in  Avicenna: S c ie n t i s t  &
P h ilo so p h e r. A M illen ary  Symposium, ed . G. M. Wickens (London; Luzac & 
Company, L td .,  1952), pp. 100-101.
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n ecessa ry  s in ce  th e  constancy o f th e  heavenly  m otions e lim in a ted  th e  con­
tin u e d  d i r e c t  a c t io n  o f an  in te l l ig e n c e  b u t a lso  demanded an in te l l ig e n c e  
a s  th e  u ltim a te  so u rce ,
Averroes and Maimonides follow ed Avicenna in  th e  f a l a s i f a  t r a d i ­
t i o n .  Both, however, d isag ree d  w ith  him about th e  causes o f c e l e s t i a l  
m otionsj and each den ied  th a t  i t  was p o s s ib le  f o r  man to  know them. In  
The Incoherence of th e  Incoherence A verroes, a f t e r  a  d iscu ss io n  on th e  
symmetry and p e r fe c t io n  o f  th e  l iv in g  being o f th e  heavens, s in g ly  s ta te d  
th a t  c i r c u la r  m otion was n a tu ra l  to  th e  heavens because i t  was th e  no­
b l e s t  o f  th e  m otions and should be ass ig n ed  to  th e  most noble c re a tu re .
He exp lained  th e  p la n e ta ry  motions as  n ecessary  f o r  g e n e ra tio n  and cor­
ru p tio n  in  th e  sub lunary  world and c lo sed  th e  d is c u s s io n  w ith ;
and i t  i s  no t o f  th e  n a tu re  o f  th e  human i n t e l l e c t  th a t  i t  should  
apprehend more ^  such d iscu ss io n s  and in  t h i s  p lace  th a n  what we 
have m entioned,^
Maimonides accounted fo r  man's la c k  o f knowledge o f the  heavens 
as  due to  the  l im i ta t io n s  on human f a c u l t i e s .  He saw such knowledge as 
th e  p re ro g ra tiv e  o f God j u s t  as f a m i l ia r i t y  w ith  su b lu n ar phenomena was 
p ro p e r to  man;
"C’e s t - à - d i r e  que Dieu s e u l co n n aît p a rfa ite m en t l a  v e r i ta b le  n a tu re  
du C ie l, sa  su b s ta n c e , sa  form e, se s  mouvements e t  le u rs  causesj mais 
pour ce q u i e s t  au-dessous du C ie l , i l  a  donne à  l'homme la  f a c u l té  
de l e  c o n n a ître , ca r c 'e s t  l à  son monde, e t  l a  demeure ou i l  a é t i  
p lace  e t  dont i l  forme lui-meme une p a r t i e .  Et c 'e s t  l a  v é r i t é ,  
car i l  nous e s t  im possib le  d 'a v o i r  l e s  elem ents n é c e s sa ire s  pour 
ra is so n n e r  su r l e  C ie l ,  qu i e s t  lo in  de nous e t  t ro p  eleve^ p a r sa  
p la ce  e t  son ran g .
A verroes, A verroes ' Tahafut a l-T a h a fu t (The Incoherence of th e  
Incoherence) , t r a n s la te d  from  th e  A rabic  w ith  In tro d u c tio n  and Notes by 
Simon van den Bergh (London; Luzac & C o., 19^1t),  I ,  pp . 289-299.
^^uhem . Le systèm e du monde, I I ,  p . lL 9: "That i s  to  say th a t  God
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The Arabic astro n o m ica l motor systems and th e  d e n ia l o f the  p o s­
s i b i l i t y  of any knowledge of such system s were th e o r e t ic a l  d is c u s s io n s . 
They were im p o rtan t in  th e  l a t e r  h i s to r y  of astronom y i n  w este rn  Europe 
more f o r  t h e i r  em phasis on the  m a te r ia l i ty  o f th e  heavens th an  f o r  th e i r  
concepts o f c e l e s t i a l  m otors.
Among th o se  Is la m ic  w r i te r s  who co n sid ered  th e  sp h eres  hard b o d ie s , 
some wondered about th e  movements o f such o b je c ts  and in v en ted  dev ices to  
perm it a smooth passage of one sphere over th e  o th e r ,  T hab it ib n  Qurra 
(836- 901) in tro d u ced  a s u b tle  r e s i s t l e s s  f lu id  between th e  spheres f o r  
such a p u rp o s e ^  w h ile  A1 B iru n i (937-10L8) p laced  " l i t t l e  b a l l s "  be­
tween the  s p h e re s . These b a l l s  absorbed th e  m otion o f  th e  sphere above 
them and l e f t  th e  sphere  below f r e e  f o r  i t s  own m o t i o n , O t h e r s  ignored  
th e  p o s s i b i l i t y  o f in te r - s p h e r ic a l  f r i c t i o n ;  a lm ost a l l  s t r e s s e d  th e  f irm ­
ness of the sp h e re s . When the  Arabs passed  th e  Greek knowledge accompanied 
by  t h e i r  own a d d itio n s  on to  the  W est, th e  hom ocentric spheres included  in  
i t  were composed of a  s o l id ,  c r y s ta l l in e  su b s ta n c e , n o t th e  f l u i d ,  lim p 
m a te r ia l o f th e  De c a e lo .
The mass o f in fo rm atio n  which became a v a ila b le  to  L a tin  sch o la rs  
during  th e  e lev e n th  and tw e lf th  c e n tu r ie s  in c lu d ed  p a r ts  of a l l  of th e
alone knows p e r f e c t ly  the  tru e  n a tu re  o f the  heavens, i t s  substance, i t s  
form , i t s  movements and t h e i r  c au se s ; b u t fo r  th o s e  th in g s  ben ea th  th e  
heavens, he has g iv en  to  man the  f a c u l ty  of knowing f o r  th a t  i s  h is  w orld 
and he l i v e s  th e re ,  where he has been  p laced  and of which he h im self forms 
a p a r t .  And i t  i s  t r u e  t h a t  i t  i s  inç>ossible f o r  us to  have th e  n ecessa ry  
elem ents to  reason abou t th e  heavens which i s  f a r  from us and h igh  by i t s  
p lace  and i t s  ra n k ,"  Duhem quoted: Mairaonide, Le guide des ég a rés ,
deuxième p a r t i e ,  c h , x x iv ; t r a d .  Munk, t ,  I I ,  p p . Ï9L -195. ”
^Duehm, Le systèm e du monde, I I ,  p ,  119 .
lô I b i d , ,  p p . 14.3-Ut,
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t r a d i t io n s  d iscu ssed  above. A fte r  a p e rio d  of c o n f l i c t  between what had 
been a v a i la b le  and th e  new le a rn in g , ad ju s tm en ts , compromises and new in ­
t e r p r e ta t io n s  were made which r e s u l te d  in  A r is to te l ia n is m  becoming domi­
n an t i n  C h ris tia n  ph ilosophy  w hile  th e  system  o f P to ie iry 's  A lm agest, o f­
te n  as  expressed  in  the  s im p lif ie d  form  p re se n te d  by John o f Holywood 
( f l .  c ,  I 2I4.O) in  h is  S phaera , emerged as  th e  a s tro n o m er 's  handbook i n  
th e  age o f S ch o las tic ism .^ ^
S ch o lastic ism  " i f  th e  term  has any d e fin a b le  m eaning, sim ply s tan d s  
f o r  th e  th eo lo g y  and philosophy  and th e  s u b s id ia ry  d is c ip l in e s  of th e  
sch o o ls  o f w estern Europe in  th e  g re a t p e rio d  of m edieval c u l tu re .
The s u b s id ia ry  d is c ip lin e s  in c lu d ed  e v e ry th in g , s in c e  one of th e  aims of 
th e  s c h o la s t ic s  was to  jo in  what was considered  t r u e  from  th e  Greek,
Jew ish , and Arabic le a rn in g  w ith  C h r is tia n  r e v e la t io n  in  a  u n ite d , sy s­
te m a tic  w hole. The c lo s e s t  approach to  t h i s  g o a l was achieved  in  th e  
works o f  S a in t Thomas Aquinas (122^-12?^) whose Summa th e o lo g ic a , Summa 
c o n tra  g e n e ti le s  and commentaries on th e  works o f A r is to t le  fu sed  th e  
C h r is t ia n  theology w ith  th e  acq u ired  r a t i o n a l ,  t h e o r e t i c a l ,  and methodo­
lo g ic a l  knowledge of p rev ious c u l tu re s .^ ^
^ J o h n  o f Holywood, Sphaera mvndi ( C V en e tiis : liiPOD ) .  The Sphaera, 
w r i t t e n  about 1233, was th e  e a r l i e s t  p re s e n ta t io n  of th e  P to lem aic  system  
in  L a tin  and became one of th e  most p o p u la r tex tb o o k s on astronom y. An 
E n g lish  t r a n s la t io n ,  a l i s t  o f th e  m anuscrip ts and p r in te d  e d i t io n s  o f t h i s  
work, a  b iography of th e  au th o r and a d is c u s s io n  of th e  in f lu e n c e  o f t h i s  
p re s e n ta t io n  o f P tolem aic astronom y are  fo u n d ' i n ;  lynn Thorndike, The 
Sphere o f Sacrobosco and I t s  Commentators (C hicago, I l l i n o i s :  The U niver-
s i t y  o f Chicago P ress, IShS),
^^The L ibrary of C h r is tia n  C la s s ic s . T o i. X: A S c h o la s t ic  1-H.s-
c e l la n y : Anselm to Ockham, ed . and t r a n s .  Eugene R. F a irw ea th er (London: 
SCM P ress  L td .,  1956;, p . 18.
C. C opleston, Aquinas (B a ltim o re , M aryland: Penguin Books
I n c . ,  1957) ,  pp. 9 - lh .
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S a in t Thomas was no t an astronom er. His i n t e r e s t  in  th e  co n stru c ­
t io n  and motions o f  th e  heavens was b u t a  sm all segment o f h is  i n t e r e s t  
i n  th e  s t ru c tu re  o f th e  u n iv e rse . Thus, h is  c e l e s t i a l  system  was a gener­
a l  one. For him th e  heavens were composed of te n  hom ocentric spheres 
beyond which was th e  realm  o f  th e  b le s s e d . The sp h eres  could have been 
e i th e r  th e  A r i s to te l i a n  o r th e  P tolem aic ones f o r  in  reg ard  to  th e  th eo ry  
o f e p icy c le s  and e c c e n tr ic s  S a in t Thomas w ro te :
l i c e t  enim ta l ib u s  su p p o sitio n ib u s  f a c t i s  ap p arean t s o lv e re , non tamen 
o p o rte t d ic e re  has su p p o sitio n es  e sse  v e ra s : q u ia  f o r te  secundum a l i -
quem alium  modum nondum. ab hominibus comprehensum, a p p a re n tia  c ir c a  
S te l la s  s a lv a tu r ,  , , , ^ '
Of more concern to  S a in t Thomas was th e  power th a t  moved th e  ce­
l e s t i a l  b o d ie s . He d isag ree d  w ith  th e  th eo ry  o f s p i r i t u a l  b e in g s  tau g h t 
by th e  Is lam ic  p h ilo so p h e rs , and he o b jec ted  to  th e  way in  which some 
C h ris tia n  w r i te r s  had id e n t i f ie d  th e  so u ls  of th e  spheres w ith  th e  a n g e ls .
The c e l e s t i a l  motors could n o t be th e  In te l l ig e n c e s  d e sc rib e d  by Avicenna 
s in c e  each o f th e se  had th e  power to  c re a te  an o th e r I n te l l ig e n c e ,  a so u l 
and a m a te r ia l  body; C h r is tia n  theo logy  re se rv e d  th e  c re a tiv e  power to  
God a l o n e , T h e  a n g e ls , w hile commissioned by God to  su p e rv ise  th e  ce­
l e s t i a l  m otions, were no t th e  forms jo in e d  to  th e  sp h e res ,
Thomas A quinas, S, Thomae A q v in a tis  in  q v a tv o r l ib r e s  A r i s to te l i s  
de coelo , e t  mvndo commentaria: qvae, cvm morte p raev en tv s  p e r f ic e r e  non"
p o tv e r i t ,  a b s o lv i t  P e tru s  de A lvern ia ; cvm d v p l ic i  te x t  vs t r a l a t i o n e ,  a n t i -  
qua v id e l i c e t ,  & lov an n is  A rg y ro p ili nova, d i l ig e n te r  r e c o g n i t i s ,  quae omnia 
nuper su n t maxima d i l ig e n t i a  c a s t ig a ta  ( 7 e n e t i i s ;  Apud Hieronymum Scotum, 
1562) ,  c o l, ÉÈ8: " fo r  such su p p o sitio n s  a re  allow ed to  save th e  appearances,
i t  i s  n o t ,  however, n ece ssa ry  to  say th a t  th e se  su p p o s itio n s  a re  t r u e ;  be­
cause , p e rhaps, acco rd ing  to  some o th e r  way no t y e t  understood  by men, th e  
appearances concern ing  th e  s t a r s  may be saved , , .  Cf, M aurice de Wulf, 
H is to ry  o f M ediaeval Philosophy, t r a n s .  E rn es t C, Messenger (2 v o ls ; London: 
Longmans, Green & Co. L td ., 1926), I I ,  p , 19,
A quinas, T re a tis e  on Separate  Substances,  Chapter X "The Opinion 
o f  Avicenna on th e  Coming o f Things from th e  F i r s t  P r in c ip le  and I t s  Refu­
t a t io n ,"  pp. 65-70,
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In. th e  Thom istic u n iv e rse  th e  heavenly re g io n  was composed of i t s  
own s p e c ia l  m a tte r and fo rm . The m atte r was a f i f t h  elem ent u n lik e  th e  
fo u r t e r r e s t r i a l  o n es; th e  form  o f any p a r t  o f th is  m a tte r  was an a s t r a l  
so u l. Such a  sou l w hile no t more noble th an  an  anim al so u l was a b so lu te ly  
a h ig h er form  th a n  th e  s e n s i t iv e  so u l because i t  p e r fe c te d  a l l  o f th e  ce­
l e s t i a l  m a tte r a ss ig n e d  to  i t  and because th e  motion i t  produced was the 
p e r fe c t  c i r c u la r  one. These so u ls  were "apprehending su b stan ces"  and 
were u n ite d  to  th e  sp h eres  e x t r in s ic a l ly ,  r a th e r  th an  i n t r i n s i c a l l y ,  a s  
a motor to  a m obile. One could  speak of th e  heaven ly  bod ies as l iv in g  
c re a tu re s ,  only  i f  by  l iv in g  one meant conç)osed of motor and m obile . The 
Prime Mover was God Him self who im m ediately produced th e  d iu rn a l  m otion of 
the n in th  sphere b u t l e f t  o th e r  c e l e s t i a l  m otions to  th e  m a tte r  and form 
of the  in d iv id u a l sp h eres  under an g elic  c a re ,^ ^
While S a in t Thomas made th i s  d i s t in c t io n  between a s t r a l  and angelic 
so u ls , his le s s  p h ilo s o p h ic a lly  t ra in e d  contem poraries o f te n  d id  n o t .  The 
ten -sp h ere  c e l e s t i a l  re g io n  of Dante A lig h ie r i  (1265-1321) was s im i la r  to 
th a t  of S a in t Thomas in  s t r u c tu r e  and o p e ra tio n . "The movers th e re o f"  
were "substances a p a r t  from m a te r ia l ,  th a t  i s .  I n te l l ig e n c e s ,  w hich th e  
common people term A ngels,"  each of whom was re sp o n s ib le  o n ly  fo r  th e  mo­
t io n  p ro p er to  i t s  s p h e r e , D a n t e  d id  not know i f  th e  d iu rn a l  m otion of 
th e  g re a t  c r y s ta l l in e  sphere  were tra n sm itte d  t o  a l l  the  low er spheres and
^^Thomas Aquinas, The Summa T heologica, t r a n s la te d  b y  th e  F a th e rs  
of th e  E n g lish  Dominican P rov ince , re v ise d  by  D an ie l J .  S u ll iv a n  i n  G reat 
Books o f th e  W estern World, e d , R obert Maynard H utchins (London; Encyclo­
p aed ia  B rita n n ic a , I n c , ,  1952), XIX, pp . 365-367; Duhem, Le système du 
monde, 7 ,  p p . 536-559.
^ ^ a n te  A l ig h ie r i ,  I l  Gonvito; The Banquet of Dante A l ig h ie r i , 
t r a n s ,  E liz a b e th  P r ice  Sayer (London: George Routledge and Sons, 1807),
p p . 55-57.
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l e f t  th e  q u e s tio n  unreso lved  and u n re so lv ab le : "God knows, f o r  to  me i t
seem presumptuous to  judge .
Although th e  in tro d u c tio n  and accep tance  o f  th e  A r i s to te l i a n  corpus 
had overshadowed a l l  e ls e  and th e  views of S a in t Thomas and Dante were th e  
commonly accep ted  ones, p e r ip a te t i c  ph ilosophy  was no t u n iv e r s a l ly  accla im ­
ed . The sch o la rs  a t  Oxford and C h artre s  d isa g re e d  w ith  th e  Dominicans a t  
P a r is  and co n cen tra ted  t h e i r  e f f o r t s  on th e  study  of th e  a d d i t io n a l  P la to n ic  
w r i t in g s  which had re c e n tly  been acq u ired . Thus, th e  P la to n ism  a lread y  bap­
t i z e d  by S a in t A ugustine in  th e  fo u r th  cen tu ry  was confirm ed by th e  F ra n c is ­
cans i n  th e  th i r te e n th .  The Summa p h i lo s ophiae w r i t t e n  about 1270, f i r s t
a t t r i b u t e d  to  R obert G ro sse te s te  (d . 1253) bu t now co n sid e red  Pseudo-G ros- 
52s e t e s t e ,  " is  an o u ts tan d in g  sta tem en t of hum anistic  s c i e n t i f i c  augus- 
t in ia n is m  as i t  f lo u r ish e d  a t  Oxford in  th e  th i r t e e n th  cen tu ry  and C hartres 
i n  th e  tw e lf th ,
The a u th o r o f th e  Summa p h i lo s ophiao employed in te l l ig e n c e s  to  move 
th e  c e l e s t i a l  bodies b u t used them i n  a somewhat d i f f e r e n t  way th an  th e  
w r i te r s  p re v io u s ly  d iscu ssed . The b a s is  o f  h is  th e o ry  was th e  concept o f 
n a tu ra  which was "a power ( v is )  o f  a c t in g  and s u f fe r in g  which i s  p re se n t 
i n  t h i n g s . T h e r e  was a u n iv e r s a l  n a tu ra  which in c lu d ed  th e  f i r s t  or 
u n c rea ted  power in  th e  u n iv e rse  and th e  immediate o r prim ary  ex p re ss io n  o f
^^ b i d . , pp. 62i-65.
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C harles King McKeon, A Study o f th e  Summa P h ilo s  ophiae o f the  
P seu d o -G ro sse teste  (New York; Columbia U n iv e rs ity  P re s s , 19hü),  pp. 3 -1 3 .
53R ichard  McKeon, S e le c tio n s  from  M edieval P h ilo so p h e rs  Volume I ;  
A ugustine to  A lbert th e  G reat (New York; C harles S c r ib n e r’s Sons,  1929), 
p . 288.
^^cK eo n , The Summa p h ilo s  oph iae , p . ly li.
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th e  f i r s t  power, th e  in te l l ig e n c e  governing c re a tio n . The l a t t e r  o f th e se  
c o n tro lle d  th e  heavenly  empyrean, th e  non-moving sphere  which produced th e  
d iu rn a l  m otion in  th e  n o n -s ta r ry  sphere  im m ediately  below i t .  C o ex isten t 
w ith  th e  u n iv e r s a l  n a tu ra  were p a r t i c u la r  n a tu re s , some o f which were th e  
in te l l ig e n c e s  t h a t  moved th e  in n e r  sp h e res , A t h i r d  type  of a g e n t, th e  
c o rp o rea l power which r e s u l te d  from th e  a c tio n  o f l i g h t  upon th e  substance  
of th e  sp h e re , combined w ith  th e se  two to  move th e  heavens. The l a s t  fo rc e  
was th e  w eakest o f th e  th re e  and was more im plied  th an  expressed  in  th e  
Summa p h ilo so p h ia e ,^ ^
The system  o p era ted  by th e  u n iv e rs a l  in te l l ig e n c e ’ s im p artin g  th e  
d iu rn a l  m otion to  a l l  c e l e s t i a l  b o d ie s  w h ile  each p a r t i c u la r  n a tu re  con­
t r o l l e d  th e  p e c u l ia r  m otion o f i t s  body. The a c t io n  o f l i g h t  was in c o r­
p o ra ted  in  some m ysterious manner b u t was always dependent upon th e  s p i r ­
i t u a l  b e in g s  governing th e  sp h e re s . O ther th an  th e  use o f  th e , by th en , 
custom ary n in e  spheres below th e  empyrean th e  au th o r gave few d e t a i l s  a -  
bout th e  in d iv id u a l  movements o f any components o f th e  system . The t r e a t ­
ment i s  comparable to  t h a t  o f  S a in t Thomas and a s  an a s tro n o m ica l system  
has been p ro p e r ly  c h a ra c te r iz e d  by Duhem as  d iso rd e re d  and confused ,
The in te l l ig e n c e s  were no t th e  only m edieval c e l e s t i a l  m otors.
From A lp e tra g iu s  ( f l ,  1190) i n  th e  tw e lf th  cen tu ry  to  Girolamo F rac a s to ro  
( I I I18- I 953) and G iovanni B a t t i s t i  Ami c i  ( lS lli- l$ 3 8 )  in  th e  s ix te e n th  fu ­
t i l e  a ttem p ts  were made to  save th e  th eo ry  of hom ocentric sp h eres .
^^ Ib id , ,  pp , 175- 177.
^^Duhem, Le systèm e du monde. I I I ,  pp, U63-lt71,
57D reyer, H is to ry  of th e  P la n e ta ry  System s, pp, 26U-267, 302-301;;
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The motor fo rc e s  in  th e se  system s were a  Prime Mover and th e  sp h eres  them­
s e lv e s .  The Prime Mover tu rn e d  th e  n in th  sphere  d a i ly ;  th e  n in th  sphere  
th e n  became th e  motive power f o r  th e  low er spheres i n  such a way t h a t  th e  
sp h eres  c lo se r  to  th e  E a rth  were tu rned  more slow ly th a n  th e  h ig h e r ones, 
and each sphere had i t s  own n a tu r a l  m otion.
Levi ben Gers on (1288-13UU) proposed a system  o f spheres non-homo- 
c e n tr ic  i n  which the  f i r s t  in te l l ig e n c e  re s id e d  in  o r n ea r th e  c e n te r  of 
th e  E a rth . This c e n tr a l  fo rc e  was th e  sou rce  o f a l l  movement a lth o u g h  
each o f th e  spheres had i t s  own s p i r i t  w hich i r ç a r t e d  i t s  in d iv id u a l  mo­
t i o n .  A r e s i s t l e s s  f lu id  sep a ra te d  th e  u n its  and allow ed th e  m otion from 
one sphere to  pass t o  th e  n e x t. The system , a lth o u g h  i t  appears to  have 
been  w e ll known throughout Europe, was never p o p u l a r . O n e  e x p lan a tio n  
f o r  th e  f a i l u r e  of th e  th e o ry  to  be accep ted  i s  th e  predominance o f mys­
t i c a l  r a th e r  th a n  m athem atical e lem en ts . Such a system  could n o t be used 
to  make a c c u ra te  p re d ic t io n s .
Another d ep artu re  from  t r a d i t i o n a l  though t was th e  im petus th eo ry  
o f Jean  Buridan ( f l ,  1550). The th e o ry , p r im a r i ly  an a tten ç)t to  e x p la in
p r o j e c t i l e  m otion, im pressed i n  any moving body a fo rc e  which was depen­
den t on th e  speed and w eight of th e  body and which decreased  only as th e
moving o b je c t met r e s is ta n c e .  S ince th e  c e l e s t i a l  bodies met no r e s i s t ­
an ce , B uridan could
ex p la in  th e  e v e r la s t in g  movement of th e  heavens by the  im p o s itio n  of 
im petus by God a t  th e  tim e o f th e  w o rld 's  c r e a t io n ;  " . . .  i t  does
Girolamo F racasto ro , Hieronymi ^^acasto p n i hoTPocentrica. Eivsdem de 
c av s is  c r itic o rv m  diervm  p e r  ea qvae in  n o b is  s v n t ( (jVenetiisQ : 1^38).
^®Duhem, Le systèm e du monde, IV, pp . 3 9 - ii l ;  S a rto n , In tro d u c tio n , 
I I I ,  pp. 599-600.
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n o t appear necessa ry  to  p o s i t  in te l l ig e n c e s  of t h i s  k in d , because i t  
could  be answered th a t  God, when He c re a te d  th e  w orld , moved each of 
th e  c e l e s t i a l  orbs as He p le a se d , and in  moving them im pressed in  them 
im petuses which moved them w ith o u t h is  having to  move them any more.
. . . And th e se  im petuses which he im pressed i n  th e  c e l e s t i a l  bod ies 
were no t decreased  or co rru p ted  a fte rw a rd s  because th e re  was no in ­
c l in a t io n  o f th e  c e l e s t i a l  bod ies f o r  o th e r movements. Nor was th e r e .  
r e s is ta n c e  which would be c o rru p tiv e  o r re p re s s iv e  o f th a t  im p e tu s ."
B uridan was n e i th e r  a  cosmolo g is t  nor an astronom er. I n  ev a lu ­
a t in g  t h i s  a p p lic a t io n  of im petus to  th e  heavens, M arsh a ll C la g e tt s ta te d :
One p o in t should  be made c le a r ,  and t h a t  i s  th a t  th e  su g g es tio n  o f the  
use o f in ç e tu s  to  account f o r  th e  co n tin u in g  movement o f th e  heavens 
more econom ically  th a n  by th e  use o f in te l l ig e n c e s ,  a lth o u g h  i t  was 
made by Buridan in  more th a n  one p la c e ,  i s  s t i l l  a  r a th e r  in c id e n ta l  
su g g es tio n . I t  i s  p robab ly  an  e x ag g e ra tio n  to  say th a t  Buridan by 
th i s  d o c tr in e  was seek in g  to  app ly  a  s in g le  mechanics to  t e r r e s t r i a l  
and c e l e s t i a l  phenomena. I t  i s  e v id en t th roughout h is  w r it in g s  th a t  
he accep ts  th e  b a s ic  A r i s to te l i a n  dichotomy . .  . and i n  f a c t  he a s ­
s e r t s  i n  th e se  very  passages th a t  th e re  i s  no r e s is ta n c e  i n  th e  heav­
en s, w hile o f  course th e re  i s  r e s is ta n c e  i n  the  t e r r e s t r i a l  a re a .
This im m ediately s e p a ra te s  th e  two a re a s .
I f  Buridan p reserv ed  th e  A r i s to te l ia n  tw o-reg ion  u n iv e rse , o th e rs  
d id  n o t ,  N icolas o f Gusa (li|01-li;61i) in  h is  Of Learned Ignorance n o t only 
d is reg a rd ed  th e  common p h ilo s o p h ic a l concep ts o f h is  tim e  on knowledge, b u t 
he a ls o  r e je c te d  th e  c u rre n t views on cosmology. F o r N ico las th e  u n iv e rse  
was an unbounded, c e n te r le s s  cosmos conçosed of many w o rld s , some o f th e se  
probably  in h a b ite d  as was th e  E a rth . Motion he considered  n a tu ra l  to  any 
and every  body, in c lu d in g  th e  E a r th , and he sought to  save th e  phenomena by 
a com bination o f th e  motion o f th e  E a rth  and th e  m otion of heavenly  bo d ies.
^ % a rs h a l l  C la g e tt ,  The Science o f Mechanics i n  th e  Middle Ages (Mad­
iso n , W isconsi’̂ : The U n iv e rs ity  o f W isconsin P re s s , 1959), pp . 52h-525.
C la g e tt quo ted : John B uridan , Q uaestiones super l i b r i s  q u a ttu o r  de cae lo  e t
mundo, ed , E, A, Moody (Cambridge, M assachusetts : 19i;2).
^*^Clagett, The Science o f M echanics, p , $2$.
^ ^ i c o l a s  Cusanus, Of Learned Ig n o ran ce , t r a n s .  Germain Heron (New
29
Although two c e n tu r ie s  l a t e r  w r i te r s  exp ressing  such id e a s  were looked up­
on w ith  su sp ic io n , N ico las  o f  Cusa seems to  have been unknown or ignored  
u n t i l  th e  l a t e  s ix te e n th  c en tu ry .
These, b r i e f l y ,  were th e  t r a d i t io n s  to  th e  beg inn ing  o f  th e  f i f t e e n  
hundreds. Systems which p rov ided  good com putational d e v ic e s , e p icy c le s  
and e c c e n tr ic s ,  could n o t be considered  as p h y s ic a l r e a l i t i e s  because they  
were in co m p atib le  w ith  th e  p re v a i l in g  p h ilo so p h ic a l th o u g h t. Systems which 
sought to  d e sc r ib e  th e  p h y s ic a l  r e a l i t y ,  hom ocentric sp h eres  w ith  o r w ith ­
out a n g e ls , im petuses o r in te l l ig e n c e s ,  p resen ted  d i f f i c u l t i e s  when a p p lie d  
to  th e  d e t a i l s  o f p la n e ta ry  movements. Few th in k e rs  t r i e d  to  d e a l  w ith  bo th  
problems s im u ltan u o u sly . One e i t h e r  described  th e  heavens and ex p la in ed  
how v a rio u s  p a r t s  were moved, o r one ch arted  th e  movements o f  th e  c e le s ­
t i a l  b o d ie s  u s in g  a b s t r a c t  m athem atica l d e v ice s . Or one p o s s ib ly  d id  a 
l i t t l e  o f b o th .
The p a r t - o f - t h i s ,  so m e-o f-th a t approach was th e  one used  by Nico­
la s  C opernicus (1U73-15Ù3). Ptolemy in  h is  Almagest had exp ressed  h is  
b e l i e f  i n  a  g e o c e n tr ic  u n iv e rse  and th e n  d esc rib ed  i t s  c e l e s t i a l  re g io n  
g e o m e tr ic a lly . Copernicus i n  De re v o lu tio n ib u s  orbium  co e le s tiu m  p re ­
sen ted  h is  argum ents f o r  th e  accep tance  of a  h e l io c e n t r ic  system  and th en  
m anipulated  i t s  p a r t s  by th e  same m athem atical dev ices  Ptolem y had used .^^  
Spheres and e p ic y c le s  rem ained a s  heavenly movers c a r ry in g  th e  w andering 
s ta r s  around a  s ta t io n a r y  c e n te r ;  th e  sphere o f f ix e d  s t a r s  l im ite d  th e
Haven, C on n ec ticu t; Yale U n iv e rs ity  P re ss , 195Ü), "The Second Book"
pp. 65-122.
^ ^ i c o l a s  C opern icus, N ic o la i C opernici T o rin en s is  de re v o lv tio n -  
ibvs orbium co e le s tiu m , l i b r i  v i .  (Norimbergae; Apud lo h .  P etre ium ,
15537:
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cosmos; uniform  c i r c u la r  m otion saved th e  c e l e s t i a l  phenomena. From i t s  
outward appearances th e  new system  co n ta in ed  only minor changes: The
E a rth  moved w h ile  th e  Sun was a t  r e s t  i n  th e  c e n te r  o f  th e  w orld and th e  
f ix e d  s t a r s  were unmoved a t  i t s  boundary.
The appearances were d ecep tiv e . Aside from  th e  g la r in g  rem oval o f 
man from th e  fo c a l  p o in t  o f  the  u n iv e rs e , th e  system  co n ta in ed  u n s ta te d  
b u t iiiÇ)ortant co n cep tu a l changes in  th e  th eo ry  of cosmic s t r u c tu r e .  W ith­
ou t comment th e  n in th  sphere  and th e  Prime Mover beyond i t  had been a b o l­
is h e d . The ra is o n  d 'e t r e  f o r  th e  e ig h th  sp here  was no lo n g e r e i th e r  a 
n e ce ssa ry  o r a  s u f f i c i e n t  reaso n  f o r  i t s  e x is te n c e . The su b lu n ar w orld 
had s lip p e d  in to  th e  unchanging su p ra lu n a r re g io n  as th e  E a rth  w ith  i t s  
o rb  of m o r ta l i ty  c i r c le d  th e  Sun. The t e r r e s t r i a l  globe moved w ith  th e  
uniform  c i r c u la r  m otion p roper to  th e  c e l e s t i a l  b o d ie s .
Copernicus claim ed th a t  h is  system  gave a  more s a t i s f y in g  ex p la ­
n a tio n  f o r  th e  ap p aren t movements o f th e  wandering s t a r s . H e  d id  no t 
add and he may n o t have n o tic e d  th a t  i t  s im u ltan eo u sly  n u l l i f i e d  th e  a c ­
c e p ta b le  answ ers to  o th e r  cosm ological q u e s tio n s . I f  th e  E a rth  had a  mo­
t i o n  l ik e  t h a t  o f th e  known p la n e ts ,  why were no t th e se  p la n e ts  E a rth ­
lik e? - Where was up? What was heavy? How d id  one account f o r  n a tu r a l
r e c t i l i n e a r  m otion in  a  S un-cen tered  system ? Who was man i f  he l iv e d  a t  
—
Derek J .  de S. P r ic e ,  "C ontra-C opern icus: A C r i t i c a l  r e - e s t i -
m ation  o f th e  M athem atical P la n e ta ry  Theory o f Ptolem y, C opernicus, and 
K e p le r ,"  i n  C r i t i c a l  Problems in  the  H is to ry  o f Science; Proceedings o f 
th e  I n s t i t u t e  f o r  th e  H is to ry  of Science a t  th e  U n iv e rs ity  o f W isconsin, 
Septem ber 1 -11 , 19^7, ed . M arshall C la g e tt  (M adison, W isconsin: The Uni­
v e r s i t y  o f W isconsin P re s s ,  1959)# PP* 197-218. P r ic e  concluded th a t  
C o p ern icu s 's  work "as a  m athem atical astronom er was u n in sp ire d . From th i s  
p o in t  o f view  h is  book i s  co n se rv a tiv e  and a  mere r e - s h u f f le d  v e rs io n  o f 
th e  A lm agest. "  I b id . ,  p .  2 l6 .
Sh.C opernicus, De re v o lu tio n ib u s , p . 7- re c to .
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any p o in t o th e r th a n  a t  th e  c e n te r  o f  c re a tio n ?  W ithin  le s s  th a n  h a l f  a 
cen tu ry , th e  opponents to  and th e  a cc e p to rs  o f th e  new system  found i t  
im possib le  to  avo id  th e  unspoken problems o f th e  De re v o lu tio n ib u s . The 
motor fo rc e  o f  th e  system  was only  one o f many such d i f f i c u l t i e s .  Y et, 
among th e  f i r s t  tilin g s  to  be q u estio n ed  was th e  e x is te n c e , r e a l  o r 
im agined, hard  or s o f t ,  of th e  c e l e s t i a l  sp h e re s .
CHAPTER II  
DESTRUCTION OF THE SPHERES
The h e l io c e n t r ic  system  as  p resen ted  by Copernicus in  th e  De r e -  
v o lu tio n ib u s  d id  n o t d i r e c t l y  c h a l l e n ^  th e  p re v a il in g  concepts o f c e le s ­
t i a l  m o to rs. A ngels, in te l l ig e n c e s ,  so u ls  o r n a tu r a l  m otions a ss ig n ed  to  
th e  b o d ies  i n  E a r th -c e n te re d  system s could  have been t r a n s f e r r e d ,  w ith o u t 
d i f f i c u l t y ,  to  th e  new S u n -cen te red  system. Spheres and e p ic y c le s ,  r e a l  
or m ath em atica l, were as  n ecessa ry  to C opernicus as they  had been to  P to l ­
emy. I t  was n o t th e  new system  by i t s e l f  b u t o th e r  f a c to r s  in c o rp o ra te d  
in to  o r  c o -e x is te n t  w ith  i t  t h a t  m itig a ted  a g a in s t  r e ta in in g  th e  c e le s ­
t i a l  o rbs and t h e i r  component p a r t s .  The d e s tr u c t io n  o f th e se  d ev ices  and 
th e i r  rep lacem en t was a  complex phenomenon to  which ad h eren ts  to  every  
system  made c o n tr ib u t io n s .
There was n o th in g  new i n  th e  s ix te e n th  cen tu ry  th in k e rs*  denying 
the e x is te n c e  o f th e  sp h e re s . Some w rite rs  of every age had q u estio n ed  
t h e i r  e x is te n c e  w hile  o th e rs  had d ispu ted  t h e i r  su b stan ce . Tifliat were new 
were th e  s e ts  o f argum ents accumulated in  th e  l a t e  f i f t e e n  hundreds th a t  
gained w idespread accep tance  a s  proof t h a t  th e  heavens co n ta ined  no spheres 
and th e  s ta tu s  o f th e  o r ig in a to r s  and su p p o rte rs  o f th e se  argum ents. E ar­
l i e r  th e  rea so n s  f o r  o r  a g a in s t  th e  spheres had been h ig h ly  t h e o r e t i c a l ;  
now th ey  were, su p p o rted  more s tro n g ly  by in te r p r e ta t io n s  o f  o b s e rv a tio n a l
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d a ta .  In  p rev io u s  ages th o se  who r e je c te d  th e  spheres g e n e ra lly  were men 
of minor in ç o r ta n c e j by th e  l a t e  s ix te e n th  cen tu ry  th o se  who d isca rd ed  th e  
spheres were among th e  lead in g  astronom ers o f  Europe,
B efore any k ind  o f m otive fo rc e  s im ila r  to  a t e r r e s t r i a l  motor 
could  be in tro d u ce d  in to  th e  heavens, i t  was necessary  t h a t  th e re  be a  
new concep tion  o f th e  c e l e s t i a l  re g io n  in  which such a motor cou ld  o p e ra te . 
So long as th e  id e a  o f  a su p ra lu n a r re g io n  a s  a  p lace  t o t a l l y  u n lik e  th e  
su b lu n ar w orld p re v a i le d , no E a rth ly  mode o r cause o f m otion could be 
im agined i n  th e  heav en s. The t r a n s i t i o n  from  th e  o ld , unchanging and un­
changeable a e th e r e a l  re g io n  to  th e  new concept o f a v a s t space sp r in k le d  
w ith  E a r th - l ik e  g lobes was a  by-p roduct o f th e  a stro n o m ica l and p h ilo ­
s o p h ic a l though t o f  th e  c en tu ry . No one s e t  o u t s p e c i f ic a l ly  to  b reak  
th e  dichotomy betw een th e  heavens and th e  E a rth  th a t  so dominated th e  A ris ­
t o t e l i a n  cosmology^ y e t  by th e  end o f th e  s ix te e n th  cen tury  the  t o t a l  d i s ­
t i n c t i o n  betw een th e  two was no lo n g er a ccep tab le  to  any b u t th e  most con­
s e rv a t iv e  p h ilo so p h e rs .
The changes which occurred  in  every  phase of l i f e  i n  w estern  Europe 
i n  th e  f i f t e e n t h  and s ix te e n th  c e n tu r ie s  in c lu d e d  th e  study  and accep tance  
o f  p h ilo so p h ie s  o th e r  th an  A r i s t o t l e 's  on a  w ider sca le  th a n  had been known 
i n  th e  w est s in ce  th e  in tro d u c tio n  o f th e  Greek le a rn in g  i n  the  tw e lf th  
c e n tu ry . Thus w hile  th e  I t a l i a n s  tu rn ed  to  P la to ,  th e  s c h o la rs  a t  Louvain 
in v e s t ig a te d  a to m is t ic  th e o r ie s .  Each p h ilo s o p h ic a l  system  contained  a 
c e l e s t i a l  re g io n  u n lik e  th e  one in  th e  De c a e lo : The P la to n is ts*  heaven
was f i e r y ;  th e  a to m is ts ' p a r t i a l l y  v o id . The id e as  were n o t new b u t th e y  
were a d e p a r tu re  from  what had become accep ted  d o c tr in e . F urtherm ore, 
some o f th e  te a c h e rs  and su p p o rte rs  o f th e se  te ach in g s  were z e a lo ts  ( fo r
3h
example P e te r  Ramus, B ernardino T elesio ) who took r a d ic a l  p o s i t io n s  and 
a t t r a c te d  th e  a t t e n t io n  and fo llo w in g  such e x tre m is ts  g e n e ra lly  d o .^
These men and t h e i r  a s s o c ia te s  destroyed  the  A r is to te l ia n  heavens by f i a t .  
Their say ings were san c tio n ed  b y -o th e rs  who claim ed to  supply  su p p o rtin g  
evidence from  th e  s tudy  of th e  p h y s ic a l w orld.
One of th e  m ajor f a c to r s  which a ided  th e  breakdown o f th e  c e l e s t i a l -
t e r r e s t r i a l  dichotomy was a  New S ta r  th a t  appeared in  th e  c o n s te l la t io n  
C assiopea. The s t a r  f i r s t  appeared  in  th e  f a l l  o f 1^72 and rem ained v i s i ­
b le  w ith  m agnitudes o f v a ry in g  b r ig h tn e ss  u n t i l  th e  w in te r  o f  iSlh»  As­
t ro lo g e rs  f o r e to ld  g re a t and d is a s tro u s  even ts  t h a t  would happen th rough­
out Europe, Astronom ers observed and measured and measured and observed; 
th ey  c a lc u la te d  and re c a lc u la te d  b u t th e  b e s t  among them could n o t f in d  
th e  p a ra l la x  t h a t  would have been d e te c ta b le  i f  th e  s t a r  had been a  sub­
lu n a r o ccu rren ce . The accoun ts  o f th e  measurements were s im i la r  to  th o se
2
in  p rev ious a s tro n o m ic a l t r e a t i s e s .  The reasons g iven f o r  th e  absence 
o f p a ra l la x  in d ic a te d  a new way of th in k in g  abou t th e  heavens.
The in te r p r e ta t io n s  o f th e  d a ta  v a r ie d . Many, e i th e r  c la im ing  to
have measured co n s id e rab le  p a ra l la x  o r ig n o rin g  i t s  absence, reg a rd ed  th e
"Sfeurice de W ulf, H is to ry  o f M ediaeval Philosophy, t r a n s .  E rn es t C, 
Messenger (2 v o ls ;  Londonl Longmans, Greene and Co, L td .,  1926), I I ,  pp, 
265-27h.
2
Many of th e  works w r i t t e n  about th e  New S ta r  a re  summarized in  
lÿcho B rahe, Astronom iae in s ta u ra ta e  progymnasmotum p ars  t e r t i a  i n  Tycho 
Brahe, üÿchonis Brahe Dani opera omnis, ed . I .  L. E. D reyer (15 v o ls ; 
Hauniael In  L ib ra r ia  G yldendaliana, 1913-1929), I I I ,  pp. 5-299; a s h o r te r  
survey of th e  l i t e r a t u r e  on th e  New S ta r  i s  i n  Raphael A v e rs a , P h ilo s  ophia 
metaphysicam physicamqve com plectens q v aestio n ib v s  co n tex ta . In  duos tomos 
d i s t r i b u t a .  (Romae: Apud lacobum Mascardum, 1627}, pp. bii-91.
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s t a r  as  su b lu n ar,^  üycho Brahe ( l5 i;6 -l6 0 1 ), th e  Danish astronom er who 
became known as th e  most a c c u ra te  o b se rv er in  Europe, s tu d ied  th e  p o s i­
t i o n  and appearance o f th e  New S ta r  and concluded th a t
lucentem  in  ip so  firm am ento e sse  s te l la m , n u l la  a e ta te  a  mundj ex- 
o rd io  an te  n o s tra  tem pora p r iu s  conspectam , Atque haec de s t e l l a e  
e iu s  s i t u ,  turn quo ad zodiacum, turn quo ad mundj diametrum, & , 
c o e lj  o rb es , s u f f i c i e n te r  d ic ta  dem onstrataque ex istim o , , • .
W illiam  th e  Landgrave o f Hesse (1532-1592),^ Paul F a b ric iu s  (1529-1588),
th e  im p e r ia l p h y s ic ian  and m athem atician  a t  V ienna,^ the  two Bohemians
*7 Q
Qyprianus L eo v itiu s  (152Ü-157Ü)' and Thaddaeus Hagecius ( l5 2 5 - l6 0 0 ) ,
O
M ichael M aestlin  ( l5 5 0 - l6 3 1 ) , German p ro fe s so r  o f m athem atics, Hie­
ronymus Munosius (d . l58it) i n  S pain , and Erasmus He inho ld  Ju n io r ( f l .  
1580), son o f  th e  a u th o r  o f th e  P ru ten ica e  ta b u la e , agreed w ith  Brahe
^See Brahe, Opera, I I I ,  pp. 50-52 , 120-127, 135-1^3, 203-279, 279- 
288, 289- 29L, 29li-296, 296-299  f o r  ïÿ c h o 's  summaries o f  and comments on the 
works o f P au l H a in z e liu s , Caspar P eucer, Wolfgang Schuler u s , Andreas Nol- 
th iu s ,  Georgius B uschius, Iheodorus Graminaeus, Adam U rsinus and Andreas 
Rosa, r e s p e c t iv e ly ,  a l l  o f whom considered  th e  New S ta r  to  be below the  Moon,
^Tycho B rahe, Tychonis B rahe, Dani de nova e t  n v ll iv s  a e v i mem- 
o r ia  p r iv s  v is a  s t e l l a ,  iam pridem  anno a n a to  C h ris to  l572. mense tJo- 
vembrj primum con sp ec ta , c o n te irp la tio  m athem atica (H afniaet Im p re ss it 
L av ren tiv s  B enedict j ,  1573) in  B rahe, Opera, I ,  p . 28: "the sh in in g  s t a r  
i s  in  th e  firmament i t s e l f ,  seen p re v io u s ly  by no age from th e  beg inn ing  
o f  the  w orld befo re  our tim e . And I  judge th i s  to  be s u f f ic ie n t ly  s a id  
and dem onstrated concern ing  th e  lo c a t io n  o f t h i s  s t a r  from i t s  p lace  w ith  
r e s p e c t  to  th e  zo d iac , th e  d iam eter o f  th e  world and th e  c e l e s t i a l  o rb s ."
J;-120, 127-129, passim .^Brahe, Opera, I I I ,  pp .
^ I b id . , pp.
? I b id . , pp. 218- 219 .
® Ib id ., pp. 19-43.
^ I b id . , pp. 58-67.
^ ° I b id . , pp. 80-87.
• * ^ i d . . pp. 212-216.
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t h a t  th e  New S ta r was in  the c e l e s t i a l  reg io n  and was a s t a r  which had 
n o t e x is te d  in  th e  sk y  p re v io u s ly .
O thers , Bartholom aeus R eisacherus ( f l .  l5 7 5 ) j  p ro fe s so r  o f mathe­
m atics a t  V ienna,^^ A nnibal Raimondo Veronese ( f l .  1570), th e  I t a l i a n ,  
C ornelius Frangipanus (1533-1630),^^  and F rancesco  Maurolyco o f Messina 
( I l4.9l4.-l575)^'^ p laced  th e  s t a r  i n  th e  heavens b u t con sid ered  i t  some a l ­
read y  e x is t in g  s t a r  th a t  had sudden ly  gained  i n  b r i l l i a n c e .  C ornelius 
Gemma ( l5 3 5 - 1 5 7 7 p ro fe s s o r  o f m edicine and astronom y a t  th e  U n iv e rs ity  
o f Lowen,^^ Thomas D igges (d . 1595)^^ and John Dee (1527-1607)^® in  Eng­
la n d , and E lia s  Cam erarius ( f l .  1572), p ro fe s so r  o f m athem atics in  th e  
Academy a t  F ra n k fo rt-o n -th e  O der,^^ jo in e d  th o se  who thought th i s  was an 
a lre a d y  formed f ix e d  s t a r .  They t r i e d  t o  e x p la in  i t s  v a r ia t io n s  in  ap­
pearance by  assign ing  to  th e  s t a r  a r e c t i l i n e a r  motion away from the  
E a r th . The p h y sic ian  to  King P h il ip  I I  o f  S pa in , F ran c is  V a lle s iu s  ( f l .  
1560 ) ,  suggested th a t  th e  s t a r  i t s e l f  had n o t changed b u t th a t  i t s  new 
appearance was due t o  some a l t e r a t i o n  i n  th e  p a r t  o f th e  heavens through
^^ I b id . ,  pp . I45-I48.
^^ I b id . ,  p p . 233- 251 .
^^ I b id . ,  p p . 25U-259.
l^F rancesco  M aurolyco, "M aurolyco’s ’L o s t’ E ssay  on the New S ta r  
of 1572 , ’’ tra n s c r ib e d , t r a n s la te d  and e d ite d  by C. D oris  Heilman, I s i s ,
LI ( i 960 ) ,  p p . 322-3 3 6 .
^^rahe. Opera, I H , pp. 67-80.
^^ Ib id . ,  p p . 167-193 .
^^ Ib id . ,  p p . 203- 205 .
^ ^ I b id . ,  p p . 205- 212 .
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which i t s  l i g h t  t r a v e le d  to  th e  E a rth . P h il ip  Apianus (1^31-1^8?) a t
Tubingen though t "S te llam  hanc n i h i l  a l iu d  e sse , quara Cometae quandam
21speciam , u t  u t  s in e  coma & barba seu cauda," w h ile  Johannes P ra e to r in s
(1^37-1619), p ro fe s so r  o f m athem atics a t  the U n iv e rs ity  o f  W ittenberg ,
22wanted i t  p laced  in  th e  ca teg o ry  o f m eteors. B oth , however, co n sidered  
th e  o b je c t to  be beyond th e  Moon,
A lthough th e  d e t a i l s  o f th e  in te r p r e ta t io n s  v a r ie d , the  w r i te r s ,  
w ith  th e  ex ce p tio n  o f  th o se  who considered  th e  New S ta r  t o  be su b lu n a r , 
had made a  t a c i t  accep tance  o f change i n  the immutable heavens. Those 
who accep ted  th e  New S ta r  a s  j u s t  t h a t —a new s t a r —th e reb y  allow ed gen­
e r a t io n  and c o rru p tio n  in to  th e  c e l e s t i a l  reg io n . Those who co n sid ered  
i t  some f a i n t e r  s t a r  grown b r ig h te r  th e reb y  p e rm itte d  a l t e r a t i o n  in  th e  
u n a l te r a b le  p a r t  o f th e  u n iv e rs e . Those who a ss ig n ed  th e  cause of in ­
c reased  b r ig h tn e s s  t o  a change i n  th e  spheres only a l t e r e d  a d i f f e r e n t  
p a r t  o f th e  heavens. Those who p o s tu la te d  a re c ee d in g  s t a r  in tro d u ced  
r e c t i l i n e a r  m otion in to  th e  re g io n  o f c i r c u la r  m otion . Many of th ese  
had co n sid ered  th e  s t a r  a m iracu lous omen, b u t th e y  had , n e v e r th e le s s , 
used  id e a s  h e re to fo re  re se rv e d  to  th e  t e r r e s t r i a l  re g io n  to  save a ce­
l e s t i a l  phenomenon.
The New S ta r  of 1^72 m ight have been w r i t t e n  o f f  a s  a m irac le  and 
th e  im p lic a tio n  in h e re n t i n  p la c in g  i t  i n  the  heavens might have rem ained 
un n o ticed  f o r  many y e a rs  had n o t a  s e r ie s  of unusual o b je c ts ,  th e  comets
20
I b id . ,  pp. 87-93.
^^ b i d . ,  p . 159: " th i s  s t a r  i s  no th ing  e l s e  th an  a  c e r ta in  sp e c ie s
o f comet as th o se  w ithou t f r in g e ,  beard  or t a i l . "
^ ^ I b id . ,  pp. 153-157.
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o f i S n s  l5 8 0 , 1585J appeared i n  th e  heavens. One m irac le  in  n a tu re  under 
th e  p roper e x tra o rd in a ry  c ircum stances might be w idely  accep ted ; a  number 
o f  such in c id e n ts ,  a l l  s im ila r  to  one a n o th e r , ceased to  be u n u su a l.
In  t r y in g  to  r e f u te  the  argum ents o f  th o se  who judged th e  New S ta r  
to  be a  comet and th e re fo re  a  su b lu n a r ev en t, Tycho Brahe had w ished th a t  
a  s u i ta b le  comet would appear so  t h a t  he could observe i t  and determ ine i f  
i t  were above or below th e  Moon. When such a comet appeared in  November, 
1577 and rem ained v i s ib le  u n t i l  January  of th e  fo llo w in g  y e a r , Brahe and 
o th e r  astronom ers had ample o p p o rtu n ity  to  observe and m easure. New and 
b e t t e r  in s tru m en ts  were used and ag a in  a c c u ra te  measurements f a i l e d  to  show 
s u f f ic ie n t  p a ra l la x  f o r  a  su b lu n ar o b je c t .  Many of th e  observers  concluded 
th a t  th e  o b je c t being s tu d ie d , t h i s  tim e a  comet, was beyond th e  Moon.^^
W rite rs  in  e a r l i e r  ages and , more r e c e n t ly ,  Jerome Cardan (1501- 
1576)^^  and Jean  Pena (1528-1558), had expressed  th e  op in ion  th a t  comets 
were n o t th e  su b lu n ar phenomenon A r i s to t le  had c laim ed . These men had n o t 
had th e  su p p o rt from  o b se rv a tio n a l d a ta  Brahe and h is  co n ten p o ra r ie s  d id , 
and one cannot b u t wonder i f  i t  would have made any d if fe re n c e  to  t h e i r  
aud iences i f  th ey  had. The men in  th e  l a s t  h a l f  o f th e  s ix te e n th  cen­
tu ry  who knew th a t  th e  heavens d id  no t change and th a t  comets were below
■^Brahe, De nova in  B rahe, Opera, I ,  p . 28.
^^lynn  Thorndike, A H is to ry  of Magic and E xperim ental S c ien ce . V ol. 
VI; The S ix te e n th  Century (iJew York: Columbia U n iv e rs ity  P re s s , 19^1),
pp . 67- 98 .
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Jerome Cardan, Hieronymi C ardani M edio lanensis, m edici, de svb- 
t i l i t a t e ,  l i b r i  x x i. Nunc demum ab ip so  a u to re  r e c o g n i t i ,  a tq u e  p e r f e c t i  
( Lvgdvni; Apud Gulielmum R ou illium , 1559), P» l5 5 ; Hieronymi Cardani 
M edio lanensis m edici de rervm  v a r i e t a t e  l i b r i  x v i i .  "A diectus e s t  capitum , 
re ru n  & sen ten tia ru m  n o ta tu  d ignissim arum  index (B a s ile a e ; [Per Henrichvm 
P e t r i t  1557 ) ,  pp. 1 -12 .
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Tycho Brahe, Tychonis Brahe Dani de mvndi a e th e re i  re c e n tio r ib v s
39
th e  Kbon could e x p la in  th e  phenomena to  t h e i r  own s a t i s f a c t io n  a s  e a s i ly  
as th o se  who co n sid ered  th e  p o s s ib i l i ty  o f  change.
Brahe was no t co n ten t sim ply to  dem onstrate  th a t  th e  comet was 
beyond th e  Moon, He went f u r th e r  and used th e  d a ta  th a t  had been c o l­
le c te d  to  su p p o rt h is  a s s e r t io n s  ab o u t th e  m otion o f  th e  comet:
P a te t  i g i t u r  & s u f f i c i e n te r  conçrobatum  e s t ,  idipsum  quod ab i n i t i o  
asseru im us; Primum, Cometam suo motu d e s c r ip s is s e  Circulum e x q u is i te  
maximum, Sphaeram b ifa r ia m  in  duo a e q u a li d iu identem . . , ,
A lterum  Quod affirm auiraus, Motum Cometae sub hoc ip so  C ircu lo  
maximo, non f u is s e  in o rd in ariu m , v tp o te  in terdum  velociorem , deinde 
ru rsu s  remissum, a u t  su b ito  v a r ie  sese  a lte ra n te ra , e tiam  liq u id o  
p a te t*  , * ,
Tertium  e tiam  vna s a t i s  in d u c i te r ,  Cometae motum diurnum proprium  
in  suo ductu  nusquam f u is s e  cu rsu  d iu rn o  Lunae v e l  le n tis s im o  t a r d i -  
o r  Gin* # # *
Vltimum vero  quod dixim us, Cometae P rincip ium  & Finem, i n  suo 
t r a m ite ,  f u is s e  ab vno C ircu lo  Tropico vsque in  a lte ru m , e tiam  ex 
p raem iss is  f a c i l e  c o l l i g i  p o t e r i t ;  . . .
In su p er sub hoc C irc u lo , motum o rd inarium  nec in s ta b ile m  r e s e r -  
u a sse , sed  su cc e ss iu e  pedetentiraque se se  rem itten tem , p ro u t i n  e r -  
r a t i c i s  S id e rib u s  f i e r i  co n su eu it, . . .  '
The orb e a s i ly  drawn f o r  th e  Comet was an  orb j u s t  beyond th e  sphere  o f
Venus.
phaenom enis. L iber secvndvs qvL e s t  de i l l v s t r i  s t e l l a  cavdata ab e lap so  
f e r e  t r i e n t e Nouenibris an n i 1577» vsque i n  finem  la n u a r i j  s e q u e n tij  con­
sp e c ta  (V ran ib v rg i; l^dd) in  B rahe, Opera, IV, pp . 136-137»
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I b id . . pp . 92-9U: " I t  i s  c le a r ,  th e re fo re ,  and i t  has been con­
firm ed  s u f f i c i e n t ly ,  t h a t  which we have a s s e r te d  from th e  beg inn ing : F i r s t
t h a t  th e  comet by i t s  m otion d e sc rib ed  a g re a t c i r c l e  a c c u ra te ly  d iv id in g  
th e  sphere  tw ice in to  two eq u a l p a r t s .  . . . Secondly we have a ffirm ed  
th a t  th e  m otion o f  th e  comet under t h i s  g re a t  c i r c l e  i t s e l f  has n o t been 
i r r e g u la r  namely sometimes f a s t e r ,  th e n  ag a in  slow er or suddenly a l t e r in g  
i t s e l f  i n  v a rio u s  ways. . .  . T h ird  fu r th e rm o re , a t  th e  same tim e i t  i s  
c le a r  enough th a t  th e  d iu rn a l  m otion p ro p er to  th e  comet in  i t s  p a th  hpr 
n o t been slow er th an  th e  d iu rn a l course  o f th e  Moon or th e  s lo w est c e le s ­
t i a l  body. . . . F in a lly  we t r u l y  say  th e  beg inn ing  and end of th e  comet 
in  i t s  t r a n s i t  has been from  one t r o p i c a l  c i r c l e  to  an o th e r , fu rth e rm o re , 
i t  can be drawn up e a s i ly  from  th e  th in g s  above. . . . Moreover, under 
t h i s  c i r c l e  th e  o rd in a ry  m otion i s  n o t re v e a le d  as  u n s ta b le  bu t a s  suc­
c e s s iv e ly  advancing and re ta rd in g  i t s e l f  j u s t  a s  i t  has been th e  custom 
to  c o n s id e r th e  w andering s t a r s .  . . . "
Uo
A ll  o f t h i s  was c o n tra ry  to  th e  te n e t s  o f  p e r ip a te t i c  cosmology.
In  th e  De mundo A r i s to t le  had p laced  comets n o t i n  th e  "E th e re a l and D ivine 
Elem ent, which we have shown to  be governed by f ix e d  laws and to  be, more­
over, f r e e  from  d is tu rb a n c e , change, and e x te r n a l  in f lu e n c e ,"  bu t i n  th e  
reg io n  " su b je c t th r o u ^ o u t  to  e x te r n a l  in f lu e n c e  and d is tu rb a n ce  and . . .
OQ
c o r ru p tib le  and p e r is h a b le ."  " To p u t a  com et, p re v io u s ly  considered  a  
f i e r y  e x h a la tio n  o f th e  E a rth , in to  th e  c e l e s t i a l  re g io n  one had e i th e r  to  
perm it an E a rth ly  o b je c t to  e x i s t  beyond th e  l im i t s  o f  th e  t e r r e s t r i a l  
re g io n , ex tend  th e  t e r r e s t r i a l  re g io n  as  Pena had done by e lim in a tin g  F ir e  
and A ether and p la c in g  A ir  i n  th e  c e l e s t i a l  p a r t  o f th e  u n iv e rse , or con­
s id e r  comets heaven ly  b o d ie s . Any one o f th e  s o lu t io n s  was a  c o n tra d ic t io n  
to  t r a d i t i o n a l  th o u g h t. I f  E a rth ly  bod ies  were n o t confined  to  the  su b lu n ar 
re g io n , th en  th e re  could be change, an in n a te  p ro p e r ty  o f a l l  t e r r e s t r i a l  
o b je c ts ,  i n  th e  heavens. I f  th e  A ir occupied a l l  th e  space between th e  
p la n e t s ,  th e re  were no sp h e re s . I f  th e  comets were heavenly  b o d ie s , th e n  
th e re  was a  new c e l e s t i a l  body w ith  a  unique movement to  be in c o rp o ra te d  i n ­
to  th e  system  o f uniform  c i r c u la r  m otion.
Brahe and M aestlin  t r i e d  to  sa lv ag e  some o f  th e  o ld  o rder by g iv in g
th e  comet a  c i r c u la r  o r b i t .  O thers p laced  th e  comet i n  th e  heavens and
29ig n o red  th e  q u e s tio n s  r a is e d  by doing so . Those who wished to  save th e  
A r is to te l ia n  u n iv e rse  in  i t s  e n t i r e ty  den ied  th a t  th e  comet was beyond th e  
Moon. The l a s t  group was nu m erica lly  la rg e j  i t  was th e  l e a s t  in f lu e n t ia l .^ ^
^ ^ A r is to t le  De mundo 3» 392^ 31-35»
D oris Heilman, The Comet o f 1577; I t s  P lace  i n  th e  H is to ry  o f 
Astronomy (New York: Columbia U n iv e rs ity  P re s s ,  19hk)f pp. 121-122, 153-155.
^ °Ib id .. pp. 307-317.
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A change had been accep ted  in  th e  heavens
■While th e  o b se rv a tio n a l astronom ers were a t ta c k in g  th e  im m u tab ility  
o f th e  heavens by t h e i r  in te r p r e ta t io n s  o f  d a ta , a  d i r e c t  a t ta c k  was being  
made on th e  e x is te n c e  of the  sp h e re s . Thomas Digges had t r i e d  to  measure 
an annual p a ra l la x  o f th e  New S ta r  i n  1$?2 hoping th e reb y  to  gain  o b se r­
v a tio n a l  ev idence which he could u se  to  su p p o rt th e  C opernican h y p o th e s is .
He f a i l e d  to  measure th e  d esired  p a ra l la x  b u t continued to  su p p o rt th e
h e l io c e n t r ic  th eo ry  and i n  1^76 p u b lish ed  an E n g lish  v e rs io n  of p a r t  o f
32th e  De re v o lu tio n ib u s . Digges d id  more th a n  ju s t  t r a n s l a t e  th e  work o f 
C opernicus; he made a d d itio n s  whenever he co n sidered  i t  ex p ed ien t to  do so .
th e  e a r ly  sev en teen th  cen tu ry  th e  c e l e s t i a l  n a tu re  of comets 
was adm itted  even by some defenders of th e  A r is to te l ia n  cosmology. See: 
[H ora tio  Gras s i ] , On th e  Three Comets o f  th e  Year 1400X7111. An Astronom- 
c a l  D isp u ta tio n  P resen ted  P u b lic ly  i n  th e  C o lle gio  Romano o f th e  S o c ie ty  
of Jesus by One of th e  Fathers of That Same S o c ie ty , t r a n s .  C. D. O 'M alley 
in  The C ontroversy  on th e  Comets o f 161Ü: G a jlle o  G a l i l e i ,  H o ra tio  G ra ss i,
Ifario  G uiducci, Johann Kepler (P h ila d e lp h ia , P ennsy lvan ia; U n iv e rs ity  of 
P ennsy lvan ia  P re s s , I9 6 0 ), p, 14;' L o th ario  S a rs i  (^ o ra t io  G rass^  , The 
A stronom ical and P h ilo so p h ic a l Balance on Which th e  O pinions of G a lile o  
G a l i l e i  Regarding Comets Are Weighed, a s  W ell as  Those P resen ted  in  the  
F lo re n tin e  Academy by Mario Guiducio and R ecently  P u b lish ed , t r a n s .  C . D .  
0* lfe lley , i b i d . ,  pp . 72-73, Ü0; L ib e riu s  Fromundus, l i b e r t i  Fromondi S.
Th. L. C o lle g ij  F a lc o n is  i n  Academia L ouan iensi p h ilo so p M ae  p ro fe s s o r is  
p r im a r i j  m eteorologicorvm . L ib r i  sex (A n tv erp iae : Ex o f f ic in a  P la n t in ia n a ,
16È7 ) ,  pp. ÜÜ-Ü9.
Thomas D igges, "A P e r f i t  D e sc rip tio n  o f th e  C a e l e s t i a l l  Orbes 
acco rd ing  to  th e  Most A unciente D o ctrine  o f th e  P y thago reans, L a te ly e  Re- 
u iued  by Copernicvs and by G eom etrica ll D em onstrations Approued, " in  
Leonard D igges, A P ro g n o s tic a tio n  E u e rla s tin g e  of R igh te  Good E ffe c t s ,  
F r u i t f u l ly  Augmented by th e  A uctour, C on ta in ing  P la in e , B r ie fe ,  P le sa a u n t, 
Chosen Rules to  Judge th e  Weather by th e  Sunne, Moone, S t a r r e s .  Comets, 
Rainebow, Thunder, C loudes, w ith O ther E x trao rd in ary  Tokens, no t O m itting 
th e  A spects o f  P la n e ts ,  w i t h  a  B r ie fe  Judgement f o r  S uer, of* P l e n t y  L icke, 
S ick en ess , D earth , vV 'arres, &c. Opening a ls o  Many N a tu ra i l  Causes VVorthy 
To Be Knovven. To These and O ther Now a t  th e  L a s t, Are loyned D iversu  Gen­
e r a l i ,  P le a sa u n t Tables w i t h  Manye Compendious R u les, Easye To Be Had in  
Memory, M anifolde vvayes P ro f ita b le  to  A1 A n  o f V nderstanding  (London: 
Thomas Marsh, 1576)•
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One such a l t e r a t i o n  was th e  change Digges made i n  th e  s t ru c tu re  o f 
th e  e ig h th  sp h ere , Whether one accep ts  G rant McColley*s th e s is  th a t  Co­
p e rn ic u s  im plied  an i n f i n i t e  world when he p laced  th e  s t a r s  at v a ry in g  
dep ths in  th e  e ig h th  ortP^ o r acknowledges F ran c is  Johnson’s c laim  th a t  
Digges in tro d u ced  th e  concept o f  an i n f i n i t e  w o r l d , o r  agrees w ith  Alex­
andre Koyre and A. 0 . Love joy  t h a t  n e i th e r  Copernicus nor Digges b u t Gi­
ordano Bruno i s  to  be regarded  "as th e  p r in c ip a l  re p re se n ta tiv e  o f th e
d o c tr in e  o f th e  d e c e n tra l iz e d , i n f i n i t e ,  and i n f i n i t e l y  populous u n i-  
•21̂
v e r s e t h e r e  can be no doubt t h a t  Digges d estro y ed  th e  eighth sp h ere . 
Whereas th e  re g io n  o f th e  f ix e d  s ta r s  i n  th e  d iagram  o f th e  universe in  
th e  De re v o lu tio n ib u s  was s t r u c tu r a l ly  no d i f f e r e n t  from  th e  correspond­
in g  P to lem aic  sp h e re , th e  e ig h th  sphere  in  D igges’ s system  was d i f f e r e n t ,  
so d i f f e r e n t  th a t  i t  no longer locked  l ik e  a sphere  i n  th e  diagram. Fur­
therm ore , Digges a ss o c ia te d  th e  im m obility  o f t h i s  re g io n  with i t s  lack  
o f d e f in i te  boundary:
This orbe of s t a r r e s  fix e d  i n f i n i t e l y  up ex ten d e th  h i t / s e l f  in  
a l t i t v d e  s p h e r ic a l ly e ,  and th e re fo re  immovable. . . .
•3 ■a
G rant McColley, "N icolas C opernicus and an I n f i n i t e  U niverse,"  
Popular Astronomy, X1I7 (1936), pp. 325-533; "The E ig h th  Sphere of De Revol­
u t io n ib u s ," Annals o f S c ience , I I  (1937), pp . 351i-356; "The Universe of De 
R evolutionibus." I s i s , XXX (1939), pp . ii52-Ii72.
^^^Francis R. Johnson, A stronom ical Thought mi R enaissance England;
A Study o f th e  E n g lish  S c ie n t i f i c  W ritin g s  from  l500 to  16h5 (B altim ore, 
M aryland: The Johns Hopkins P re s s , 1937), pp. l6 l-2 1 0 .
The q u o ta tio n  i s  from: A rthur 0 . Love jo y . The G reat Chain o f
Being: A Study o f th e  H is to ry  o f  an  Id e a . (The W illiam  James L ec tu res
D eliv ered  a t  Harvard U n iv e rs ity , 1933) (Cambridge, M assachusetts: Harvard
U n iv e rs ity  P re s s , 1950), p .  116; i t  i s  quoted in :  A lexandre Koyre, From
The Closed World to  th e  I n f in i t e  U niverse (B a ltim o re , Maryland; The Johns 
Hopkins f r e s s ,  1957), p . 39.
^^b igges, A P ro g n o s tic a tio n , f .  Ii3 r e c to .
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A few y e a rs  l a t e r  G iordano Bruno (I^li8?-l600) re v e rse d  th e  a rg u ­
ment. Digges s c a t te r e d  th e  s t a r s  and th en  added th a t  th ey  were " th e re ­
fo re  immouable." For Bruno, s in c e  th e  s t a r s  were no t c i r c l in g  th e  E a rth , 
th ey  were no t i n  th e  e ig lith  sphere  bu t s c a t te r e d :
Conosciuto che s a r / ,  che I ’apparenza d e l moto mondano e cag g iona ta  
d a l  uero moto d iu rno  d e l la  t e r r a  ( i l  quale sim ilm eute s i  tro u a  in  
a s t r i  s im i l i )  non s a r ^  ragg ione  che ne co n s tr in g a  /  s t im a r  I 'e q u i -  
d is ta n z a  de le  s t e l l a  che i l  uolgo in ten d e  in  una o tta u a  sp hera  come 
in c h io d a te  e t  f i s s e :  e t  non s a ra  p e rsu as io n s  che ne im pedisca d i
m aniera che non conosciamo chs de l a  d is ta n z a  d i  q u e lle  innum- 
e r a b i l i ,  s ien o  d if fe re n z e  in n u m erab ili d i  lunghezza d i  semidiametro.^"^
B eliev e rs  i n  a  moving E a rth  had p rov ided  bo th  th e  necessary  and s u f f ic ie n t
re a so n s , i f  one wanted to  accep t them as such , f o r  th e  e lim in a tio n  o f  a
sphere f o r  th e  f ix e d  s t a r s .  A g e o c e n tr ic  t h e o r i s t ,  Tycho B rahe, le d  th e
a t ta c k  on th e  in n e r sp h eres .
I n  1^88 Brahe proposed a  new astro n o m ica l system  i n  which S a tu rn , 
J u p i te r ,  Mars, Venus and Mercury revo lved  around th e  Sun w h ile  Sun and 
Moon o rb ite d  th e  s ta t io n a r y  E a r t h , T h e  theo ry  combined th e  advanta­
ges o f th e  C opernican e x p lan a tio n  fo r  th e  re tro g ra d e  motions o f th e  
p la n e ts  w ith  th e  avoidance o f th e  th e o lo g ic a l  and s p a t i a l  q u e s tio n s  i n -
Giordano Bruno, Giordano Brvno Nolano, De 1*i n f i n i t e  vn iuerso  
e t  mondi (Stampato in  V enetia  ( j i .e , London; J ,  GharlewoodJ, 158h) ,  p , 106: 
"As soon as we have reco g n ized  th a t  th e  apparen t w orld-m otion i s  caused by 
th e  r e a l  d iu rn a l  m otion of our e a r th  (which happeneth  s im i la r ly  to  o th e r  
s im ila r  s t a r s ) ,  no argument w i l l  c o n s tra in  us to  accep t th e  v u lg a r  opin ion  
th a t  th e  s ta r s  a re  e q u id is ta n t  from  u s , th a t  th e y  a re  as though n a ile d  and 
f ix e d  in  an e ig h th  sp h ere ; and no p e rsu as io n  w i l l  h inder us from  knowing 
th a t  th e  d if fe re n c e s  a re  innum erable in  th e  d is ta n c e s  from us o f th e se  in ­
numerable s t a r s , "  E ng lish  t r a n s la t io n  from Dorothea ¥ a le y  S in g e r, Giordano 
Bruno, His L ife  and Thought, W ith A nnotated T ra n s la tio n  o f H is Work on the 
I n f in i t e  U niverse and Worlds (New York: Henry Schuman, 1950), p , 328, In
a  fo o tn o te  S in g e r no tes th a t  th e  l i t e r a l  t r a n s la t io n  o f th e  l a s t  l in e  o f 
t h i s  q u o ta tio n  i s :  " in  th e  le n g th  o f th e  r a d i i  o f th e  d is ta n c e s  from u s ,"
^^Brahe, De mvndi a e th e r e i .  Opera, IV, pp . 1^5-170,
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volved in  a ss ig n in g  m otions to  th e  E a rth . As a compromise between th e  
h e l io c e n t r ic  and g e o c e n tr ic  hypo theses, lÿ c h o 's  system  was accep tab le  
i n  many ways, b u t as  a  r e p re s e n ta t io n  o f th e  u n iv e rse  as  i t  was i n  very 
t r u t h  th e  th eo ry  p re se n te d  some d i f f i c u l t i e s .  There were two c e n te rs  of 
m otion in  the  system . Sun and E a rth , and in  some cases th e  p a th  o f one 
heaven ly  body c ro ssed  th a t  o f a n o th e r .
The d u a l c e n te rs  o f  m otion was th e  le s s e r  problem  of th e  two,
"While t h i s  was co n tra ry  to  th e  A r i s to te l i a n  d e f in i t io n  o f c e l e s t i a l  mo­
t io n ,  m u ltip le  and even moving c i r c u la r  c e n te rs  were common and accep ta ­
b le  by P to lem aic s ta n d a rd s . Tycho could and d id  ig n o re  t h i s  d i f f i c u l t y .
The problem o f in te r s e c t in g  spheres could n o t be so e a s i ly  passed  
o v er. From th e  tim e t h a t  th e  spheres had been considered  firm  b o d ie s , 
th e  advocates o f an e n t i r e ly  hom ocentric th e o ry  had used th e  im p o ss ib il­
i t y  o f  th e  in te r s e c t io n  o f p a th s  as  one argument a g a in s t  th e  e x is ten c e  
o f e p i c y c l e s . I n  th e  Tÿchonic h y p o th esis  th e  p a th s  o f  Mercury, Venus 
and Mars crossed  th e  Sun’s p a th .^ ^  "While one could use a system  s im ila r  
to  th e  one P to leny  p re sen te d  in  h is  Hypotheses to  a llow  f o r  th e  movement 
o f an e p ic y c lic  sp h ere  w ith in  th e  p la n e ta ry  re g io n , th e re  was no p reced ­
e n t f o r  a llow ing  one p la n e ta ry  d e fe re n t sphere  to  p e n e tr a te  an o th e r . Thus, 
i f  th e  orbs were s o l i d ,  Tycho’ s new th eo ry  could n o t be th e  t ru e  system  o f 
th e  w orld .
39gee fo r  example: Girolamo F ra c a s to ro , Hieronymi F ra c a s to r  homo-
c e n tr ic a  eivsdem de c a v s is  criticor"vm  diervm  p e r ea  qvae in  nobis svn t 
( C V enetiisi : 1$3Ü) ,  63 v e rs o -65 v e rso ; Jerome Cardan, Hieronymi CarH ihi
M ediolanensis m edic i de rervm  v a r ie ta t e  l i b r i  x v i i .  A diectus e s t  capitum , 
rerum  & s e n te n tiarum  n o ta tu  dignissim arum  index  (B a s ile a e : [Per Henrichvm
P e t r i ] ,  13^7), pp . 3 l-^ È .
^^Brahe, Opera, IV, pp. 138.
Brahe was aware o f  t h i s  d i f f i c u l t y ,  When w r i t in g  to  Caspar Peu- 
ce r in  Septem ber, 1^88, lÿcho d esc rib ed  th e  s te p s  by which he had a rr iv e d  
a t  h is  system . F o r many y e a r s ,  he w ro te , b o th  th e  th e o ry  of P to leny  and 
th a t  o f Copernicus had seemed to  him to  be i n s u f f i c i e n t  as  re p re se n ta tio n s  
o f th e  p h y s ic a l w orld . From h is  study  of o b s e rv a tio n a l  d a ta , he had con­
cluded th a t  a t  tim es Mars was c lo s e r  t o ,  a t  tim es  f a r th e r  from, th e  E arth  
th an  was th e  Sun. This could n o t be ex p la in ed  by th e  Ptolem aic system .
The C opernican system  saved th e  phenomena b u t a ss ig n e d  a t r i p l e  motion 
to  th e  E a rth , a p o s tu la te  o b je c tio n a b le  to  B r a h e . B o t h  th e  Copernican 
and th e  P tolem aic th eo ry  employed e p ic y c le s ,  and w h ile , to  be s u re , Tycho 
had two c en te rs  o f m otion i n  h is  system , b o th  were occupied by r e a l  ob­
j e c t s ;  he would n o t a ccep t as  an y th in g  o th e r  th a n  a  m athem atical device 
a  c i r c u la r  m otion th a t  d id  n o t have a  p h y s ic a l  body f o r  i t s  c e n te r . Thus, 
d i s s a t i s f i e d  w ith  th e  e x is t in g  th e o r ie s ,  he formed h is  own, a  system  in  
which " re v o lu tio n s  c o e le s te s  o rd in a re n b u r, tu n c  omnia, quae i n  P tolem aica 
e t  Coperniana assum ptione absona e t  i r r i t a  supervacaneaque in c id u n t,  t o l l i  
e t  p ra e c a v e r i," ^ ^  The system  was s a t i s f y in g  "sed  n ih ilo rainus adhuc sc ru -  
pulum i n i e c i t ,  quod o rb is  M artius re sp e c tu  S o la r i s  ta n tu s  non in v e n ire -
^^lycho B rahe, L e t te r  to  Caspar Peucer d a ted  Septem ber, 1588, 711, 
pp. 127 -lU l; coBçare w ith : L e t te r  to  H enricus Brucaeus dated  1585 i n  Opera,
V II, pp . 78-82; L e t te r  to  Thaddaeus Hagecius d a ted  Calends of Ju ly  old  s t l e ,  
1586, Ib id . ,  pp. 105-109; L e t te r  t o  W illiam  Landgrave of Hesse d a ted  January 
20, 1587, J ^ i d . ,  pp . 85-101:; L e t te r  to  W illiam  Landgrave o f Hesse d a ted  Aug­
u s t  l 6 ,  1588, Ib id . ,  pp . 121-132; L e tte r  to  C h ris to p h e r Rothmann d a ted  Aug­
u s t  17 , 1588, i b i d . ,  pp . I 3U-IU8 .
^ % rah e . Opera, V II, p . I 3O: " th e  heaven ly  re v o lu tio n s  a re  ordered
so th a t  a l l  which occur i n  th e  P to lem aic  and C opernican as s an c tio n  a s  d is ­
co rdan t and in v a l id  and unnecessary  a re  ta k en  away and guarded a g a in s t  
b e fo reh an d ."
h s
t u r .  Tit etm t o t a l i t e r  in c lu d e re  p o sse t, venim duobus in  lo c i s  n e c e ssa r io  
ipsnm p e n e t r a r e t .”^
In  th e  l e t t e r  Brahe in d ic a te d  th a t  a t  th e  tim e he conceived h is  
system  he was puzzled  over th e  d i f f i c u l t y  o f  th e  in te r s e c t in g  o rb s , be­
cause he was
adhuc d iu  re c e p ta  e t  ab omnibus fe re  approbate  opin ions irabutus, 
coelum e sse  quibusdam r e a l ib u s  o rb ibus, s id e r a  c ircu m fe ren tib u s , 
re fe rtu m , ideoque hanc oihium incongruam pen etra tio n em  non adm it- 
tendam d u x i, indeque e v e n it .  u t  haec p ro p r ia  in v e n tio  m ihi i p s i  
a liq u a n d iu  su sp e c ta  fu e r i t .& k
He nex t s ta t e d  t h a t  th e  d i f f i c u l t y  was so lved  by h is  o b se rv a tio n s  of
com ets:
Tandem v ero  cum. ex  quorundam Cometarum a c c u ra te  c i r c a  motum e t  p a r ­
a l la x e s  eorum ex im in a tio n e  c e r to  e^qrloratvun haberem, eos i n  ip so  
coelo longe sup ra  Lunam cu rsu s  s u i  norman a b so lv isse  e t  n ih ilom inus 
n u l l i s  c o rp o re ls  e t  r e a l ib u s  o rb ib u s , quibus P lanetae  v e h i c re d u n tu r, 
fTiisse obnoxios, sed  p ecu lia rem  quandam. ab h is  motus ra tionem  in -  
v e n is s e , u t  l a t i u s  e t  e x q u is i t iu s  in  opere n o s tro  de h is  a s c i t i c i j s  
c o e li  phaenomenis d e rao n stra tu r, praesumptionem illa m  de orbium c o e l-  
estium  d u ra  e t  im perv ia  m a te ria  p rorsus a b ie c i .^ ^
^3I b i d , ,  p . I 3O: " b u t, n e v e r th e le s s , s t i l l  a  doubt rem ained be­
cause the  o rb  o f Mars i s  no t found so g re a t w ith  re s p e c t to  th a t  o f th e  
Sun so i t  can  in c lu d e  i t  t o t a l l y ,  t r u l y  i n  two p la c e s , i t ,  o f n e c e s s ity , 
p en e tra te s  th e  s o la r  o r b i t , "
^ I b i d , : " a t  t h a t  tim e s t i l l  imbued w ith  the  u su a l and e s ta b lis h e d
opinion accep ted  by a l l  t h a t  th e  heavens i s  f i l l e d  w ith  c e r ta in  r e a l  orbs 
ca rry in g  th e  s ta r s ,a n d  th e re fo re  I  considered  n o t adm itting  t h i s  in c o n s is ­
te n t  p e n e tr a t io n  o f th e  o rb s , and f o r  t h a t  re a so n  i t  happened, t h a t  t h i s  
s p e c ia l in v e n tio n  was su sp e c t to  me f o r  some tim e ,"
^^ Ib id , :  "T rtily  a t  l a s t  a f t e r  I  had e s ta b lis h e d  w ith  c e r ta in ty
from th e  a c c u ra te  exam ination  of th e  motions and p a ra lla x e s  o f c e r ta in  
comets th a t  th e y  were f r e e  in  the  heavens i t s e l f  f a r  above th e  lu n a r  p a t ­
te r n  o f i t s  p a th  and n e v e r th e le s s  were su b je c t to  no bodies and r e a l  orbs 
by which th e  p la n e ts  a re  b e lie v ed  t o  b e  c a r r ie d  b u t th a t  a  c e r t a in  p a r t i c ­
u la r  reason  o f  m otion was found from  th ese  as  i s  shown more f u l l y  and more 
adm irably i n  our work covering  th e se  adm itted phenomena o f the heavens, I  
re je c te d  a b s o lu te ly  th a t  presTimption of th e  hard  and im pervious m a te r ia l 
of the c e l e s t i a l  o rb s ,"
h i
Thus, in  th e  L e tte r  to  Peucer, Brahe gave th e  sequence: ( l )  The
fo rm u la tio n  o f th e  Tychonic system ; (2) r e s e rv a t io n s  about th e  system be­
cause o f th e  in te r s e c t io n  o f p la n e ta ry  and s o la r  p a th s ;  (3) observations 
o f  comets and conclusion  th a t  th e  phenomena a re  supralum ar; and (1:) d i s ­
card in g  of s o l id  orbs because of th e  motion o f comets in  th e  c e l e s t i a l  
re g io n . B rahe’s o th e r w r it in g s  do no t su p p o rt t h i s  o rd e r.
In  1^88 Tÿ-cho p r in te d  th e  f i r s t  two volumes o f h is  Astronomicae 
in s ta u ra ta e  progymasmata. The f i r s t  volume concerned th e  New S ta r  of 
1^72; th e  second was th e  De mundi a e th e re i  re c e n t io r ib u s  phaenomena.^^
The l a t t e r  n o t only  co n ta in ed  th e  d iscu ss io n  of th e  Comet o f  1377, i t  
a ls o  p re sen ted  th e  f i r s t  p u b lish ed  v e rs io n  o f  th e  Tychonic System. The 
m ajor p o r t io n  of th e  De mundi a e th e re i  i s  a  re c o rd  o f th e  n i g h t-by -n igh t 
o b se rv a tio n s  made w hile  th e  comet was v i s ib le  and th e  r e s u l t s  of various 
c a lc u la t io n s  made w ith  th e se  d a ta .^ ^  The new w orld system  appears in 
about th e  m iddle o f  th e  work between B rahe’s own o b s e rv a tio n a l account 
o f th e  comet and h is  rem arks on th e  re p o r ts  o f  o thers ,^®  The th re e  
s e c tio n s  a re  q u ite  d i s t i n c t  and could w e ll have been w r i t t e n  a t  various 
t im e s .
In  h is  d isc u ss io n  o f the  comet of 1377 B rahe’s fre q u e n t conclusion
ii9was th a t  th e  comet was ”i n  ip so  a e th e re ” ; fu r th e rm o re , i t s  o r b i t  was
L. E, D reyer, Tÿcho B rahe. A P ic tu re  o f S c ie n t i f i c  L ife  and 
Work in  th e  S ix te e n th  Century (Edinburgh: Adam and C harles B lack, 1Ü90),
pp . 16É-16h.
^"^Brahe, De mvndi a e th e r e i .  Opera, IV, pp . I l - l 3 i t .
^ ^ I b id . ,  pp . 133-170
^ ^ I b id . ,  p p . 83, 8h, 86, 9U, lO l, 107, 110, 111, l l 6 ,  119, 123, 
121, 133, 1 3 l, passim .
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"non longe ab O rbibus, quos ^  ^ c i r c a  Solem d e s c r ib u n t .”^^ N e ith e r
s ta te m e n t, by i t s e l f ,  had any b e a r in g  on th e  r e a l i t y  o f th e  sp h e res . S ince 
a l l  heavenly  bodies e x is te d  " in  ip so  a e th e r e ,"  s in c e  th e  o rb i t  was conpared 
to  th e  p la n e ta ry  o r b i t s ,  and s in ce  th e  system  in  which th e  comet had i t s  
p la c e  n ea r Venus was no t s p e c if ie d ,  th e  comet could have moved th rough  th e  
a e th e r  w ithou t d is tu rb in g  th e  sp h eres  j u s t  as th e  p la n e ts  moved. When, how­
e v e r , th e  comet was p laced  beyond th e  orb of Venus i n  th e  Tychonic system ,
qoi t  d id  pass th rough  one o th e r sp h e re , th a t  o f th e  Sun. This no longer 
m a tte re d : The sp h eres  had been  a b o lish e d  when th e  system  was form ed.
In  p re se n tin g  h is  system  in  th e  De mundi a e th e r e i  Brahe d id  no t
ask  i f  th e  spheres were r e a l  o r  dem onstrate  t h a t  th ey  were n o t. He sim ply
d en ied  th a t  such bodies were i n  th e  heavens and postponed th e  dem onstration
o f t h i s  u n t i l  th e  end of th e  work:
v b i per Cometarum motus p r iu s  ostensum  & liq u id o  comprobatum f u e r i t ,  
ipsam  C oeli mach;' nam non e sse  durum & imperuium corpus v a r i j s  o rb i­
bus re a lib u s  coniertum , v t  h actenus a  p le r is q u e  c red itum  e s t ,  sed 
liqu id issim um  & siBç>licissimum, c irc u it ib u s q u e  P lanetarum  l i b e r i s ,
& absque v lla rum  rea liu m  Spaherarum  opera a u t c ircum vectione , iu x ta  
d iu in i tu s  in d itam  S cien tiam  a d m in is t r a t i s ,  vbique p a te r e ,  n ih ilq u e  
p ro rsu s  o b s ta c u li  sug g erere .^^
^^I b i d . , p . 86: "no t f a r  from  th e  orbs which Venus and Mercury make
around th e  Sun. "
^ ^ i d . ,  p .
^ I b id . ,  p . 160.
^^Ib id . , p . 1^9; "where f i r s t  th rough  th e  m otions o f comets i t  w i l l  
be shown and c le a r ly  proven t h a t  th e  machine o f  heaven i s  no t a h ard  and 
im pervious body connected by v a rio u s  r e a l  o rbs as  th u s  f a r  has been b e liev ed  
by many, b u t i t  i s  most l iq u id  and most sim ple and w ith  f r e e  c i r c u i t s  o f 
th e  p la n e ts  adm in is te red  acco rd in g ly  a d iv in e ly  g iven  knowledge, and w ith ­
out th e  works o f re v o lu tio n s  o f  any r e a l  sp h e re s , to  l i e  open everywhere 
and a b so lu te ly  to  c a rry  n o th in g  of an  o b s ta c le ,"  C orçare Opera, IV, p . 22h.
h9
The p ro o f was d e fe rre d  b u t i t s  co n clu sio n  was used im m ediately;
Vnde e tiam  c o n s ta b i t ,  nu llam  a b su rd ita tem  in  hac Orbium C oelestium  
o rd in a tio n s  ex eo se q u i, quod Mars A cronichus T e rr is  p ro p r io r  f i a t ,  
quam ip s e  S o l. Neque enim Orbium a liq u a  r e a l i s  & incongrua p e n e tra -  
t i o  (cum i l l i  r e u e ra  Coelo non i n s i n t ,  sed  docendi & in te l l ig e n d i  
rem g r a t i a  sa lte rn  p roponantur) hoc modo a d m it t i tu r ,  neque ip s a  v l -  
lorum  P lanetarum  corpora  sibvnquam o ccu rre re  p o ssu n t, a u t motuum 
Harmoniam, quam s in g u l i  eorum o b se ru an t, v l l a  r a t io n s  in te r tu r b a r e ,
■vtut M ercu rii, V en eris  & M artis  im a g in a r ii  Orbes S o la r i  p e r m isce- 
a n tu r ,  eundemque t r a n s e a n t ;  p ro u t haec l a t i u s  eo in  lo c o , c i r c a  
t o t i u s  (v t d ix i)  O peris Colophonem, p ra e se r tim  vero in  volumine nos­
t r o  A stronom ico, v b i ex p ro fesso  de h is  agemus, a p e r t iu s  d e c la ra -
b i tu r .5 u
Brahe n ev er f in is h e d  th e  work which was t o  have in c lu d ed  th e  de­
t a i l s  o f  h is  system  and th e  expanded dem o n stra tio n  th a t  th e  heavens con­
ta in e d  no s p h e r e s . H e  d id , however, in  o th e r  w r it in g s  co n s id e r th e  
s u b je c t and g ive d i f f e r e n t  reaso n s f o r  h is  d e n ia l .  At tim es he in c luded  
i t  i n  d isc u ss io n s  o f th e  measurements o f s o la r  and s t e l l a r  r e f r a c t io n .  The 
a c tu a l  bending o f  th e  l i g h t  ra y s  Brahe a t t r ib u te d  to  th e  vapours in  th e  
atm osphere su rro u n d in g  th e  E a rth  r a th e r  th an  to  any v a r ia t io n  in  d e n s ity  
between th e  a i r  and th e  c e l e s t i a l  a e th e r .  Having e lim in a ted  any d if fe re n c e
^^ b i d . ; "From whence even i t  w i l l  rem ain  th a t  I  fo llo w  no absurd­
i t y  in  t h i s  o rd e rin g  o f  th e  c e l e s t i a l  orbs because Mars when an evening 
s t a r  i s  n e a re r  to  th e  E arth  th a n  th e  Sun i t s e l f .  And indeed  n e i th e r  any 
r e a l  and incongrous p e n e tr a t io n  of th e  orbs i s  adm itted  in  th i s  way (s in c e , 
in d eed , th ey  a re  no t i n  th e  heavens, b u t they  a re  proposed, a t  a l l  e v e n ts , 
f o r  th e  sake o f te a c h in g  and un d ers tan d in g  th e  th in g )  nor can th o se  bod ies 
o f  any p la n e ts  meet one an o ther a t  any tim e o r  d is tu r b ,  by any re a so n , th e  
harmony of m otions, w hich they  each observe , as th e  im aginary o rbs o f M ercury, 
Venus and Mars a r e  m ingled w ith  th e  Sun’s and c ro ss  the  same; acco rd in g ly  th i s  
w i l l  be d e c la re d  more e x te n s iv e ly  and more openly  in  i t s  p la ce  n ear th e  Colo­
phon o f t h i s  work (as I  have sa id ) e s p e c ia l ly  in  f a c t  i n  our a s tro n o m ica l 
volume, where we w i l l  expound p ro fe s se d ly  about th e se  th in g s ."
^^Brahe had p lanned  th e  Astronom icae in s ta u ra ta e  progymasmata to  be 
a  th re e  volume w ork. The t h i r d  volume was to  have been about th e  l a t e r  
com ets. lycho p r in te d  th e  f i r s t  two volumes a t  U raniborg in  1^88, b u t 
he never com pleted th e  p ro je c t .  Johann K epler e d ite d  and re p u b lish ed  the  
two 1588 volumes w ith  new t i t l e  pages in  1602, I 6O3 .  D reyer, lÿcho Brahe,
pp . I 62- I 6U, 368-U7O.
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i n  th e  denseness betw een th e  su p ra  and su b lu n ar re g io n s , Tycho could 
deny th e  ex isten ce  of any s o l id  spheres i n  th e  h e a v e n s . T h e  argument 
q u i te  p robab ly  would have been t o t a l l y  non -conclusive  to  a man committed 
to  s o l id  spheres who could have coun tered  th e  reaso n in g  by denying any 
r e f r a c t iv e  p ro p erty  to  th e  c r y s ta l l in e  o rb s . I t  d id ,  however, p ro v id e  
a  second "proof" from  o b se rv a tio n a l d a ta  f o r  th e  a s s e r t io n  th a t  th e  
heavens contained no s o l id  sp h eres .
Another reason  was th e  e n e v ita b le ,  f o r  th a t  p e r io d , argument from
S c r ip tu re . There were no te x t s  th a t  s ta te d  o u tr ig h t  t h a t  th e re  were no
spheres so  Brahe had  to  be co n ten t w ith  assem bling q u o ta tio n s  which e i th e r
%
d id  n o t c o n tra d ic t h is  th eo ry  or d isp roved  som ething c o n tra ry  to  i t .
Such arguments re q u ire d  on ly  a  l i t t l e  in g e n u ity  in  in te r p r e t in g  th e  S c rip ­
tu re s  and an eq ually  in g en io u s  opponent could tw is t  them to  th e  o th e r  
s id e .
^^Tÿcho Brahe, L e tte r  to  C h ris to p h e r Rothmann d a ted  January  20,
1587 i n  B rahe, Opera, VI, pp . 65-10!i; L e t te r  to  C h ris to p h er Rothmann da ted  
August 17,  1^88, I b id . ,  p p . 13li-li;8; L e t te r  to  Johann K epler d a ted  A p r i l  1, 
1598,  I b id . , V III, p . Astronom iae in s ta u ra ta e  progymnasmatum p a rs  t e r -  
t i a .  Opera, I I I ,  p .  9I ,
^7In  1616 even G a lile o  re fu te d  th e  r e f r a c t iv e  argum ent: " In  q u esto
medesimo e r ro re  sono in c o r s i  a lc u n i ,  m entre s i  sono p e rsu a s i d i  p o te r  mo- 
s t r a r e  l a  sostanza c e le s te  non d i f f e r i r  d a l la  prossim a e lem en ta re , ne 
p o te r s i  dare  q u e lla  m o l t ip l i c i t a  d 'o r b i ;  auuenga che quando c io  f u s s e ,  gran 
d iu e r s i t a  caderebbe n e g li  a p p a re n ti lu o g h i d e l le  s t e l l e ,  m ediante l e  
r e f r a z z io n i  f a t t e  i n  t a n t i  d ia f a n i  d i f f e r e n t i j  i l  q u a i d isco rso  è vano, 
perche la  grandezza d i  e s s i  o rb i ,  quando ben t u t t i  fu s s e ro  d ia f a n i  t r à  
lo ro  d iu e rs is s im i, non perm etterebbe a lcu n a  re f ra z z io n e  a lg i  occh i n o s t r i ,  
come r i p o s t i  nell* i s te s s o  cen tro  d i e s s i  o r b i ."  G a lile o  G a l i l e i ,  I l  sag-  
g ia to re  n e l  quale con b i la n c ia  e s q u is i ta  e g iu s ta  s i  ponderano le  cose con- 
te n u te  n e l la  l ib ra  astronom icae f i l o s o f i c a  d i  lo ta r io  s a r s i  s igensano  s c r i t t o  
in  forma d i  l e t t e r a  Ail* Illm o  e t  Revermo Monsre D. V irg g in io  C e sa r in i Acco. 
Linceo Mo d i Camera d i  N. S . (Roma; Appresso Giacomo M ascard i: 1623), p . i l l .
Tycho Brahe, L e tte r  to  C h ris to p h e r Rothmann d a ted  November 2li, 1^89, 
Opera, V I, pp . 185-199; L e t te r  to  Caspar Peucer 1590, I b id . ,  V II, pp. 228-239.
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The comments on r e f r a c t io n  and S c r ip tu re  were only supplem entary 
re a so n s , B rahe’s fo rem ost reaso n  g iven i n  su p p o rt of h is  d e n ia l  o f th e  
spheres was th a t  he had proved t h i s  from h is  observations o f th e  comets. 
A c tu a lly  he had nowhere c le a r ly  dem onstrated  th e  non-ex istence  o f th e  
heavenly  orbs b u t had re p e a te d ly  s a id  he would do so i n  a l a t e r  work.^*^ 
In  the  w r it in g s  o f Brahe in c lu d ed  i n  th e  Dreyer Opera, th e  e a r l i ­
e s t  d e n ia l  o f th e  spheres occu rred  in  158? .^ ^  lÿcho used bo th  th e  a rg u -
5 9
ment from  th e  placem ent and m otion o f comets and th e  ev idence from  r e -
snoi 
63
f r a c t iv e  phe mena a t  t h i s  tim e .^^  His f i r s t  use o f S c r ip tu r a l  support
was i n  1589.
Tÿcho B rahe, L e t te r  to  C h ris to p h e r Rothmann dated  January  20, 1587, 
Opera, 71 , pp . 85-lO u; L e t te r  to  Henry Brucaeus dated  November i;, 1588, I b i d . ,  
V II, p .  1 6 3 ; 'A po logetica  re sp o n s io  ad Craigum Scotum de com etis (1589)^ I b id . ,  
IV, pp . ^27-^28, L e t te r  to  Thaddaeus Hagecius da ted  August 3 , I 59Ù',
I b i d . ,  V II, pp. 262-275; L e t te r  to  Johann A ntonius Magine d a ted  Calends o f  
December, 1590, I b id . ,  pp . 289-299; L e t te r  to  Caspar Peucer d a ted  1590, I b id . ,  
p . 229; Astronom icae in s ta u r a ta e  progymnasmatum p a rs  t e r t i a .  I b i d . ,  I l l ,  ■ d. 
111.
^^Tÿcho B rahe, L e tte r  to  C h ris to p h er Rothmann d a ted  August 17, 1588, 
Opera, VI, p . IL8 ; “A po loge tica  re sp o n s io  ad Caaigum Scotum de com etis (1589)/^ 
Ib id . ,  IV, p . i;27; A stronom icae in s ta u r a ta e  progymnasmaturn p ars  t e r t i a . I b id . ,  
I l l ,  pp . I l l ,  l 5 l ;  see  f n .  53 su p ra i
^^A ll o f the  fo llo w in g  l e t t e r s  d is c u s s  astro n o m ica l to p ic s  b u t do 
n o t c o n ta in  a  d e n ia l  o f th e  sp h e res : L e tte r  to  lohannem Pratensem  dated
February  l i t ,  1576, Opera, V II, pp . 25-29; L e t te r  to  Thaddaeus Hagecius
da ted  November jj., 1580, I b id . , pp. 58-60; L e t te r  to  Bartholomaeus S c u lte tu s
d a ted  O ctober 12, 1581, I b i d . ,  pp . 61-63; L e t te r  to  Thaddaeus Hagecius d a ted
O ctober 12, l5 8 l .  I b id . ,  p p . oL-69; L e tte r  to  Thaddaeus Hagecius d a ted  Sep­
tember 23,  1582, Ib id . ,  p p . 72-75; L e t te r  to  C arolus Danzaeus da ted  August 21, 
1583, I b id . ,  pp. 75-76; L e t te r  to  H enricus Brucaeus l38it, I b id . ,  pp. 78-82; 
L e t te r  to  Thaddaeus Hagecius d a ted  August 25, 1585, Ib id . ,  pp. 93-97; L e tte r  
to  W illiam  Landgrave o f  Hesse d a ted  Calends o f March, l5 8 6 . I b id . ,  V I, pp; 
33-liO; L e tte r  to  W illiam  Landgrave o f Hesse d a ted  January 18, l587 . I b id . ,
pp . 63- 75 .
62 Tÿcho B rahe, L e t te r  to  C h ris to p h e r Rothmann dated January  20, 1587, 
Opera, V I, pp . 85-lOq.
Tycho Brahe, L e t te r  to  C h ris to p h er Rothmann dated November 2li,
1589, Opera, VI, pp. 185-199.
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Y et, th e  Tychonic system  was fo rm u la ted  in  1^83,^^ s e v e ra l  y e a rs  a f t e r  h is  
o b se rv a tio n s  o f comets b u t sometime b e fo re  he qu estio n ed  in  w r i t in g  th e  
e x is te n c e  o f th e  sp h e res .
T h ere fo re , th e  ch ro n o lo g ica l arrangem ent must have been: (1) The ob­
s e rv a tio n s  o f  comets and th e  accep tance  o f th e se  as su p ra lu n a r b o d ie s ;^ ^  (2) 
th e  fo rm u la tio n  o f th e  Tÿchonic system ; (3) th e  r e a l i z a t io n  of th e  c o n f l ic t  
between th e  new th e o ry  and th e  s o l id  c r y s ta l l in e  sp h e res ; and (U) th e  d i s ­
card in g  o f th e  spheres and th e  use o f  o b se rv a tio n a l d a ta  to  support th e  d i s ­
ca rd .
Thus, i t  seems t h a t  Brahe th o u g h t o f u s in g  th e  d a ta  from  h is  a s t r o ­
nom ical o b se rv a tio n s  to  su p p o rt a  d e n ia l  o f th e  s o l id  heaven ly  spheres on!^ 
a f t e r  he wanted to  propose a p h y s ic a l  system  th a t  was incom patib le  w ith  th e  
e x is te n c e  o f th o se  sp h e re s . This a s s o c ia t io n  of a s tro n o m ic a l phenomena w ith  
h is  t h e o r e t i c a l  c o n s id e ra tio n s  made B rah e 's  d e n ia l  o f th e  spheres d i f f e r e n t  
from  th e  s im ila r  s ta tem e n ts  o f o th e r n a tu r a l  p h ilo so p h e rs  b e fo re  and a f t e r  
him.
The e x is te n c e  o f th e  p la n e ta ry  sp h eres  had been  r e je c te d  by o th e r 
r e c e n t  w r i te r s  b e fo re  th e  p u b l ic a t io n  o f th e  De mundi a e th e r e i ,  B ernar­
d ino T e le s io  (l509 -l588 ) i n  h is  De rerum  n a tu ra  o f l5 ?0  d isca rd e d  th e  s o l id  
sph eres  because th e  agent c a lo r  was th e  predom inant power in  h is  c e l e s t i a l  
re g io n . One o f th e  d is t in g u is h in g  p ro p e r t ie s  of b o d ies  governed by c a lo r  
was t h e i r  la c k  of h a rd n ess ,  T here fo re , th e re  could be no s o l id  bodies in
^^A ccording to  J ,  L . E, D reyer, th e  e d i to r  o f  B rahe’s Opera th e  De 
mundi a e th e r e i  was w r i t te n  in  1387. When p re se n tin g  h is  system  i n  t h i s  
work Brahe s ta te d  t h a t  i t  was one he had though t o f fo u r  year® p re v io u s ly . 
D reyer, Tycho B rahe, pp, 163-16?; B rahe, Opera, IV, pp, 155-136.
^^lycho  B rahe, "O bseruatio  cometae quern primum conspexi Huenae anno 
1377," B rahe, Opera, X II I , pp, 303-301.
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th e  heavens; The s ta r s  were f i r e s  and th e  r e s t  o f  th e  heavenly  re g io n  was 
f i l l e d  w ith  a  most su b tle  f l u i d ,
Giordano Bruno p u b lish ed  th re e  o f h is  m ajor cosm ological works in  
1581;. In  a l l  o f th e se  th e  v a s t  reg io n s  o f h is  i n f i n i t e  u n iv e rse  were 
f i l l e d  w ith  a  f in e ly  a tte n u a te d  su b stan ce  in  o rd e r to  a llow  freedom  o f 
movement to  th e  bod ies w ith in  th e s e  r e g io n s , The fo llo w in g  y e a r Honoratus 
de R o b e rtis  ( f l ,  1580) p r in te d  a  sm a ll t r e a t i s e  defend ing  th e  f i e r y  n a tu re  
o f th e  sky,^®
Many w r i te r s  a f t e r  Brahe a ls o  found i t  necessa ry  o r conven ien t to
e lim in a te  th e  s o l id  spheres from  th e  c e l e s t i a l  re g io n . In  1588 N ico las
Rymers (d , 1600) proposed a g e o c e n tr ic  system  s im ila r  to  th e  Tychonic one
b u t which in c lu d e d  a  d iu rn a l  m otion f o r  th e  E a rth  and a r e s t  s t a t e  f o r
th e  f ix e d  s t a r s .  P la n e ta ry  and s o la r  p a th s  c ro ssed  i n  t h i s  scheme a s  they  
69had i n  T y ch o 's . Rymers, how ever, avoided  th e  d i f f i c u l t y  n o t by denying 
th e  e x is te n c e  o f th e  s o l id  spheres b u t by p o s tu la t in g  th a t  th e re  were only 
th re e  e lem en ts—E a rth , W ater and A ir— and th a t  o f  th e se  th re e  A ir , th e
^^B ernard ino  T e le s io , B ern ard in i T e le s i i  C o n sen tin i de rerum  n a tu ra  
iu x ta  p ro p r ia  p r in c ip ia ,  l i b e r  prim us e t  secundum, denuo e d i t i  (N eapo li:
Apud Œosephum Cacchium, n .d .^ p p . 8 -9 .
67G iordano Bruno, La cena de le  c e n e r i .  P e se ri t t a  i n  cinqve d ia lo g h i 
p e r  q u a t t ro  in t e r lo c u to r i ,  con t r e  c o n s id e ^ ^ tio n i, c i r c a  d o i s u g g e tt j  
(Stam pato in  V en etia  [ i . e .  London: J .  Charlew oodj, l58U )j De la. causa ,
p r in c ip le  e t  uno (Stampato i n  V enetia  [j-.e. London:; J .  Charlewoocü, 1581;) 5 
De 1 ' i n f i n i t e  v n iu erso  e t  mondi (Stam pato in . V enetia  [ i . e .  London: J .  C harle- 
woodj, 158h).
Thorndike, H is to ry  o f Magic and E xperim ental S c ience , V I, p . 371.
69N ico las  Rymers, N ic o la i  Raymari V rs i d ith m a rs i. Fvndamentvm a s -  
tronomicvm; id  e s t .  Nova d o c tr in a  sinw m  e t  trian g v lo rv m . Eaqve a b so l-  
v i t is s im a  e t  p e r fe c t is s im a , e iv sqve  vsvs i n  astronom ica c a lc u la t io n e  & 
o b se ru a tio n e  (A rg e n to ra ti;  Excudebat Bernardus lo b in ,  l5 8 8 ) , f f .  37 re c to -  
LÔ v e rso .
" e s s e n t ia  ten u iss in ia  & s u b t i l i s s im a ,  extended f a r  beyond th e  E a rth  in to
71th e  re g io n s  among th e  heavenly b o d ie s . Thus, i n  th i s  work Rymers ignored  
th e  sp h e re s . L a ter i n  1597 he assumed t h a t  th e  s ta r s  "per aerem se se  mov­
e n t ,  non s i c u t  r a d i j  v o lv u n tu r in  r o t â ,  ( id  e s t ,  non in f ix a  f i c t i t i j s  i l -
72l i s  o rb ib u s , u t  vu lgus astronomorum c r e d i t ,  o p in a tu r , ac  p e r h ib e t ) . ,  ,
F rancesco P a t r i z i  (1529-1597) had one b a s ic  reaso n  f o r  n o t in c lu d in g
s o l id  spheres w ith in  h is  system : His commitment to  P la ton ism . No P la to n -
i s t  would a llo w  such c ra s s  o b je c ts  i n  th e  heavens and P a t r i z i  was an a rd e n t
adm irer o f P la to ,  As T e les io  and Bruno had f i l l e d  t h e i r  in te rp la n e ta r y
re g io n s  w ith  a  s u b tle  f l u i d ,  so  d id  P a t r i z i ,  He d if f e r e d  from  th e  two
e a r l i e r  w r i te r s  i n  th e  cho ice o f  a  name; th e  P a tr iz ia n  c e l e s t i a l  space 
71f i l l e r  was lumen,
^^Ib id . ,  f , 37 r e c to .
"̂̂ i d , , f ,  38 v e rso .
72N ico las  Rymers, N ic o la i  R aim ari V rs i  Dithm arse So. See. Rom.
Caesx. M tis , M athem atic i, De a s tro n o m ic is  hy p o th esib v s, sev  system ate  mvn- 
dano, t r a c t a t v s  astronom icus & cosm ographicus: s c i t u  cum jucundus, tum 
u t i l i s e im u s .  Item ; Astronomicarvm hypothesivm  a se inventarum , ob latarum ,
& ed ita ru m , c o n tra  quosdam eas s i b i t e  m erario  seu  p o tiu s  n e fa r io  ausu a r ro g ­
a n te s ,  v e n d ic a tio  e t  d e fe n s io , eque s a c r i s  d em o n stra tio : earundemque v su s .
I n  quo vsv  t o t a  genuina astro n o m ia , ipsumque fundamentum astronomicum l a t i ­
t a t ;  s p e c ta tu r ,  exhibet u r ,  ac m a n ife s ta tu r . Cum q u ib u s d ^  nov is  s u b t i l i s -  
s im isque conpend ijs  e t  a r t l f i c i j s ,  i n  p lan é  nov^ d o c tr in t  sinuum & tr ia n g u -  
lorum  ite ru m , jamque a l te r Ë  v ic e , e x h ib i t s : Nec non a liq u ib u s  e x e r c i t i j s  
m athem atic is  ju c u n d is s im is ,  ad solvendum omnibus, ac p ra e se r tim  s u is  z o i l i s  
& s u g i l l a to r ib u s , ob palmam magis terium que mathematicum, m athem aticique ex - 
e r c i t i j  g r a t iS ,  p r o p o s i t i s ,  Ac denique p rob lsm ata  to t iu s  p ro cessu s  a s t r o ­
nomicae observa t io n i s ,  seu  r a t io n i s  observand i (Pragae Bohemorvm: Apud
Avtorem, 1597J» E. r e c to l  "move them selves th rough  the  a i r ,  n o t a s  spokes 
a r e  tu rn ed  i n  a  w heel ( t h a t  i s ,  n o t f ix e d  in  th o se  imagined orbes a s  th e  
v u lg a r  o f th e  astronom ers b e l ie v e ,  suppose and a s c r ib e ) .  . . . "  C f. G i i i j  
v e rso -H r e c to .
73Francesco P a t r i z i ,  F r a n c is c i  P a t r i c i i  nova de v n iv e rs is  p h i lo s o- 
p h ia  i n  qva A r i s to te l i c a  methodo, non p e r  motum, sed p e r  lucem, & lum inâ, 
ad  primam causam a sc e n d itu r .  Deinde p ro p r ia  P a t r i c i i  methodo; to ta  in
5^
In  h is  work on magnetism. De m agnate, W illiam  G ilb e r t  (l^ ljli-l603 )
in c lu d e d  a b r i e f  s e c t io n  on c o s m o l o g y T h e  w orld system  which G ilb e r t
p re se n te d  was n o t a  coDÇ)lete one b u t d id  con ta in  an e x p l i c i t  d e n ia l  o f
th e  sphere  o f f ix e d  s t a r s :
P ra e te re à  q u is  i l l e  vnquam a r t i f e x  s t e l l a s  quas nos f ix a s  appellam us, 
i n  vna eademque sph aera  d ep reh en d it, a u t sphaeras  v l la s  r e a l e s ,  & 
q u a s i adam antines e sse  r a t io n s  c o n firm a u it; n u llu s  hoc ipsum demon- 
s t r a u i t  vnquam; nec dubium e s t  q u in  quemadmodum p la n e ta e  d is s im il ib u s  
i n t e r u a l l i s  à  t e r r a  d is ta n t ;  i t a  in g e n t ia  i l i a  & f re q u e n tis s im a  lu -  
m ina, a l t i tu d in ib u s  a  te r r a  v a r i j s ,  & rem o tiss im is  d is iu n g u n tu r ;  non 
sp h ae ric a e  a l i c u i  conçag in i, a u t firm am ento ( v t  f in g u n t)  & concam erato 
co rpo ra  in h a e re n t;  i t a  nonnullorum in t e r u a l l a ,  o p in ione  quadam p o tiiis  
quàm re u e ra , p ro p te r  in s  c ru t ab ilem  d is ta n tia m  concep ts  s u n t, a l i a  multo 
magis i l i a  su p e ra n t, & sunt longe rem o tiss im a, quae cum in  c ae lo  v a r i j s  
d i s t a n t i j s  c o U o c a ta  s i n t ,  a u t  in  tenu issim o  a e th e r e ,  a u t  q u in ta  i l i a  
s u b t i l i s s im a  s u b s ta n t ia ,  au t vacuo; quomodo perm anebunt in  t a n t a  v a s t i  
o r b is ,  c o rp o ris  in c e r t i s s im i ,  v e r t ig in e ,75
contem plationem  v e n i t  D iu in ita s :  Postrem o methodo P la to n ic a ,  rerum  v n i-
u e r s i t a s .  a  c o n d ito re  Deo d ed u c itu r (F e r ra r ia e :  Apud Benedictum Mammarel-
lum, 1591) ,  ^Pancosm ios," f f . 73 v e rso -75 r e c to .
^ \ f i l l i a m  G ilb e r t ,  GvilielnriL G i lb e r t i  G o lc e s tre n s is , m edici lo n -  
d in e n s i s ,  de m agnete, m agneticisqve c o rp o rib v s , e t  de magno magnete t e l ­
lu r e ;  p b y s io lo g ia  noua, p lu rim is  & a rg u m en tis , experim ent i s  dem onstra te
(L ond in i: Excvdebat P e trv s  S h o rt, 1600), pp. 211-2^0.
I b id . ,  p .  21^: B esid es, who i s  th e  M aster who has ever made out
th a t  th e  s t a r s  which we c a l l  f ix e d  a re  i n  one and th e  same sp h e re , or has 
e s ta b lis h e d  by re a so n in g  th a t  th e re  a re  any r e a l  and , a s  i t  w ere, adaman­
t i n e  sp h ae res?  No one has ever proved t h i s  as a  f a c t ;  no r i s  th e r e  a  
doubt b u t t h a t  j u s t  a s  th e  p la n e ts  a re  a t  unequal d is ta n c e s  from  th e  e a r th ,  
so a r e  th o se  v a s t  and m u ltitu d in o u s l ig h t s  sep a ra ted  from  th e  E a rth  by 
v a ry in g  and very  rem ote a l t i t u d e s ;  th ey  ^ e  n o t s e t  i n  any sp h a e ric k  frame 
o r firm am ent (as  i s  f e ig n e d ) , no r i n  any v au lted  body: a cc o rd in g ly  th e
in te r v a l s  o f some a re  from  th e i r  unfathom able d is ta n c e  m a tte r  o f op in io n  
r a th e r  th a n  of v e r i f i c a t io n ;  o thers  do miich exceed them and a re  very  f a r  
rem ote , and th e se  b e in g  lo ca ted  i n  th e  heaven a t  v a ry in g  d is ta n c e s ,  e i th e r  
i n  th e  th in n e s t  a e th e r  o r in  th a t  most s u b t i l e  q u in te s se n c e , or i n  th e  vo id ; 
how a re  th ey  to  rem ain i n  th e i r  p o s i t io n  du ring  such a  m ighty s w i r l  o f th e  
v a s t  orbe o f such u n c e r ta in  su b s ta n c e ,” E ng lish  t r a n s l a t i o n  from : W illiam
G ilb e r t ,  W illiam  G ilb e r t  o f C o lch es te r, P h y s i c i ^  o f London. On th e  Magnet, 
M agnetick Bodies A lso , and on th e  G reat M a ^ e t th e  E a rth ; a  New Physio logy]" 
B e ^ n s t r a te d  by Many Arguments Sc Ejq)eriments (London: Chiswick P r e s s ,  I 9OO
C i.e . I 90I J ) ,  p . 2I 5 .
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The n o n -ex is ten ce  o f th e  p la n e ta ry  sp h eres  was im p lied  i n  the De- 
m agnate, b u t on ly  in  h is  l a t e r  work. De mondo n o s tro  s u b lu n a r i ,  was G il­
b e r t  more e n ç h a tic  abou t d is c a rd in g  a l l  sph eres  and p la c in g  a  vo id  i n  th e  
heavens. Empty space or a  re g io n  f i l l e d  w ith  only a  most tenuous a e th e r  
was necessary  i n  G i lb e r t ’s scheme s in ce  he w ished to  have h is  globes and 
t h e i r  su rround ing  e f f lu v ia  f r e e  to  r o ta t e  about an in n e r a x is .^ ^  Solid  
c r y s ta l l in e  spheres could  have been co n sid ered  an impediment to  th is  
m otion . T h e re fo re , G ilb e r t  needed to  p o s tu la te  e i t h e r  t h a t  s o l id  spheres 
o f fe re d  no r e s is ta n c e  to  movement or t h a t  th e re  were no s o l id  spheres.
He choose th e  l a t t e r :
A stra  i g i t u r  m oventia in  vacuo, seu  a e th e re  in c o rp o reo , fe ru n tu r , & 
in te r  se  fo rm is e f f u s i s  com binantur, m utuisque & p r o p r i i s  v ir ih u s  
c o n c ita n tu r , e f f e r u n tu r ,  ad v o can tu r, & v a r ia  1 ÿ d i f f e r -
entesque n o b is  a p p a r i t io n e s  o s ten d u n t. Mathematicorum i l l a e  viae 
conceptus s u n t ,  quas a d m itte re  o p o r te t  ad com putationes & astrorum  
calculum ; longe v ero  à  Philosophorum  i n s t i t u t i s  a l ie n a e  e sse  debent 
corporeae sp h ae rae , globos f e r e n te s . Nec am plius credendum, quod 
s in t  g lo b i d e n s io re s  p a r te s  sphaerarum , v t  vulgus Sophorum p u ta t , & 
s i t  concavum Lunae, d i s t i n c t i o  mundi c o r r u p t ib i l i s  ab in c o r rp u t i -  
bili.78
^W illiam  G ilb e r t ,  G yih ieliid  G i lb e r t i  G o lc e s tre n s is ,  m edici r e g i i ,  
de mundo n o s tro  su b lu n a r i  p h ilo so p h ia  nova. Opus posthumum, ab a u th o ris  
f r a t r e  co llectum  pridem  & d isp o situ m , nvnc ex duobus MSS, cod icibus e d i -  
tum . Ex museio v i r i  p e r i l l u s t r i s  G v ilie lm i B osw elli e q u i t i s  a u ra t i  &c.
& o r a to r i s  apud F o ed era to s  Belgas A ngli (Amstelodami: Apud Ludovicum
E lzev iriu m , 15i>lJ.
'̂ '̂ Ib id . ,  pp . U8-5U.
^ ^ I b id . , pp . ISL -ISS: "T herefore  th e  moving s t a r s  a re  c a r r ie d  in
th e  vo id , o r i n  th e  in c o rp o re a l a e th e r ,  and a re  co n ta ined  w ith in  them­
se lv e s  by t h e i r  e f fu se d  form s, and a re  e x c ite d  by m utual and proper v i r ­
tu e s ,  a re  c a r r ie d ,  a r e  c a lle d  to g e th e r ,  and by v a rio u s  appearances v th e y  
show d i f f e r e n t  appearances to  u s . Those ways a re  concepts o f th e  mathe­
m a tic ia n s , which i t  i s  n ecessa ry  to  adm it to  com putations and th e  c a lc u la ­
t io n s  o f  th e  s t a r s ;  t r u l y  f a r  from  th e  p re c e p ts  o f th e  p h ilo so p h e rs  must 
be any c o rp o re a l spheres c a rry in g  g lo b es . Nor i s  i t  more c re d ib le  th a t  th e  
globes a re  th e  more dense p a r ts  o f th e  sp h e re s , as th e  v u lg a r  o f the Soph­
i s t s  th in k , and th a t  th e  in n e r  su rfa c e  o f  th e  lu n a r  sphere  sep a ra te s  the  
c o r ru p t ib le  w orld  from  th e  in c o r r u p t ib le ."
^7
In  th e  c e l e s t i a l  re g io n  o f N ico las H i l l ’s ( I5 ? 0 ? - l6 l0 )  u n iv e rse  
th e re  were no p la n e ta ry  o r s t e l l a r  sp h e re s . Heavenly bod ies e i t h e r  t r a v ­
e le d  unhindered through a re g io n  f i l l e d  w ith  a  most tenuous a e th e r  o r r e -
7 9mained i n  t h e i r  re s p e c tiv e  p la c e s  f r e e ly  suspended i n  t h i s  same s u b s ta n c e . '^
A l l  o f th e se  men had r e je c te d  th e  s o l id  p la n e ta ry  spheres because 
such spheres could n o t e x i s t  w ith in  th e i r  cosm ological system s. None had 
supported  h is  d e n ia l  w ith  an y th ing  le s s  s p e c u la tiv e  than  h i s  g e n e ra l th e ­
o ry , B rahe’s e lim in a tio n  o f th e  spheres o r ig in a te d , as had T e le s io ’s ,  
Bruno’s ,  P a t r i z i ’s and G i lb e r t ’s ,  i n  h is  t h e o r e t i c a l  framework, b u t th e  
d is c u s s io n  q u ick ly  p assed  from  th e  a b s t r a c t  to  th e  co n cre te  when Tycho 
r e la te d  th e  s p h e re le s s  heaven to  th e  com et-con tain ing  c e l e s t i a l  re g io n ,
Johann K epler (1^71-1630) i n  h is  % ste riu m  cosmographicum o f  1^96 
s ta te d  h is  b e l i e f  t h a t  th e re  were no spheres in  th e  heavens and th e n  
added: ”In  qua s e n te n t ia  v ideo  Nobilem e t  exce llen tissim u m  Mathematicum
on
TYCHONEM BRAHE, Danum, v e r s a r i , ” At t h i s  tim e K epler gave no rea so n  
f o r  exclud ing  th e  sp h e re s , b u t l a t e r  he c re d ite d  Brahe w ith  having d i s ­
proved t h e i r  e x is te n c e :
S o lid es  o rbes t r i b u s  ra t io n ib u s  r e f e l l i t  TYCHO BRAHE7S: vna e s t
a motu Cometarum, a l t e r a  à lumine i r r e f r a c to :  t e r t i a  à  p ro p o rtio n e
79N ico las  H i l l ,  P h ilo so p h ia  E p icv rea , D em ocritiana T heophrastica  
p ro p o s ita  s im p l ic i t e r ,  non ed octa  (C oloniae Allobrogvmt P ro s ta n t in  
O ff ic in a  F a b ria n a , 1619), PP» ^2, Ù3, h i,  69, l $ 0 - l 3 l ,
go
Johann K ep ler, Prodromus d is se rta tio n v m  cosmographicarvm, con- 
t in e n s  n y ste riv m  cosmographicvm, de a d m ira b il i  p ro p o rtio n e  orbivm c o e le s -  
tivm , deqve c av s is  coelorum  num eri, m ag n itu d in is , motuumque periodicorum  
g en u in is  & p r o p r i j s ,  dem onstratvm , p e r qvinqve re g u la r ia  co rpora  geoiæ-~ 
t r i c a  (Tvfaingae; Excudebat G eorgius Gruppenbachius, l59b>j in  Johann Kep- 
l e r ,  Johannes K epler Gesaromelte Werke, ed . Max Caspar (Mmchen: C, H.
Beck’sche V erlagsbuchhandlung, 1937-l9$9), I ,  P« 76 : ”In  which s e n t i ­
ment 1 see  th a t  th e  nob le  and most e x c e lle n t M athem atician Tÿcho B rahe,
Dane, i s  co n cern ed ,”
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orbium , Nam s i  s o l id i  e s s e n t  o rb es , Cometae non c e rn e re n tu r  ex vno 
orbe in  alium  t r a j i c e r e ,  im p ed iren tu r enim à s o l i d i t a t e ;  a t  t r a j i c i -  
u n t e x  vno in a liu m , v t  d em o n strav it BRAHE7S,
A lumine p o rro  s ic ;  cum s i n t  orbes e c c e n t r ic i ,  e t  t e r r a  ejusque 
s u p e r f ic ie s ,  in  qua o c u l i ,  non s i t a  s i t  i n  ip so  c e n tro  cujusque o rb is j  
e i^o  s i  s o l i d i  e s s e n t o rb e s , d en sio res  nimirum quam i l i a  lim p id issim a 
au ra  a e th e re  a , tunc  r a d i j  s te l la ru m  r e f r a c t i  ad Aerem nostrum  p e rv e n i-  
r e n t ,  v t  d o ce t O p tica: i ta g u e  p la n e ta  i r r e g u l a r i t e r  a p p a re re t , e t
q u a s i in  lo c i s  longe a l i j s ,  qu&A quae ab Astronomo p ra e d id i  p o sse n t.
T e r t ia  r a t i o  e s t  ip s iu s  BRAHEI accommodâta p r i n c i p i j s :  te s ta n tu r
i l i a ,  v t  e t  C opernicana, Martem f i e r i  quandoque p rop rio rem  t e r r i s ,  
quam e s t  S o l: hanc verô  perm utationem  non p o tu i t  BRAHEVS credere
p o ss ib ile m , s i  s o l i d i  s i n t  o rb es , cùm M artis o rb is  d e b e re t in te r s e c a re  
orbem s o l i s .8 1
K epler was n o t th e  o n ly  w r i te r  to  c i t e  Brahe as th e  one who had d e -
81 Johann K ep ler, Epitomes astronom iae C opem icanae, us i t  a t  a forma 
quaestionum  & responsionum  c o n s c r ip ta e , l i b e r  q u a rtu s , d o c tr in a  th e o ric ae  
primus : quo p h y sica  c o e le s t i s ,  hoc e s t ,  omnium in  coelo  magnitudinum,
motuum, proportionum que, causae v e l  n a tu ra le s  v e l  a rc h e ty p ic a e  e x p lic a n tu r , 
e t  s ic  p r in c ip ia  d o c tr in a e  th e o r ic a e  dem onstran tu r, Q vi, qvod v ic e  svp-  
p lem en ti lib ro ru m  A r is to te H s  de cae lo  e s s e t ,  c e r to  c o n s i l io  seo rsim  e s t  
e d itu s  (L e n ti is  ad Danubium; Excudebat Johannes P laneus, lé2 0 ) in  K epler, 
Gesammelte Werke,  V II, pp . 260-261: "Tycho Brahe d isp ro v ed  th e  s o l id i ty
of th e  sp h eres  b y  th re e  re a so n s ; th e  f i r s t  from the  movement of cometsj 
th e  second from th e  f a c t  t h a t  l i g h t  i s  n o t r e f r a c te d ;  th e  th i r d  from  the  
r a t i o  o f th e  sp h e re s . For i f  sp h eres  were s o l id ,  the  comets would not be 
seen  t o  c r o s s  from  one sphere in to  a n o th e r , f o r  th e y  would be p reven ted  
by t h e  s o l i d i t y ;  b u t th ey  c ro s s  from one sphere  in to  a n o th e r , a s  Brahe 
shows. From l i g h t  th u s :  s in c e  th e  spheres a re  e c c e n tr ic ,  and s in ce  the
E a rth  and i t s  su rfa c e —where ' th e  eye i s —are  no t s i tu a te d  a t  th e  c e n te r  
of each, sp h e re ; th e re fo re  i f  th e  spheres were s o l id ,  t h a t  i s  to  say  f a r  
more dense  th an  th a t  v e ry  liznpid e th e r ,  th e n  th e  rays o f th e  s t a r s  would be 
r e f r a c te d  b e fo re  th e y  reached our a i r ,  as o p tic s  te a c h e s ; and so th e  p la n e t  
would ap p ea r i r r e g u la r ly  and in  p la c e s  f a r  d i f f e r e n t  from th o se  which could 
be p re d ic te d  by th e  astronom er. The th i r d  reaso n  comes from  th e  p r in c ip le s  
of B rahe h im se lf ;  fo r  th e y  b e a r  w itn e s s , as do the  C opernican, th a t  Mars i s  
sometimes n e a re r  the E a rth  th a n  th e  sun  i s .  But Brahe could  n o t b e liev e  
t h i s  in te rc h a n g e  to  be p o s s ib le  i f  th e  spheres were s o l id ,  s in c e  the sphere  
of Mars would have to  i n te r s e c t  th e  sphere o f th e  su n ,"  E n g lish  t r a n s la ­
t i o n  from: Johann K epler, Epitome of Copernican Astronomy i n  G reat Books
o f th e  W estern World V o l. Z 7 I: P to len y , C opernicus, K ep ler, ed . Robert
Masmard H utchins (Chicago, I l l i n o i s  : Encyclopaedia B r i ta n n ic a , I n c . ,  1952),
pp . 856-857. K e p le r 's  re fe re n c e s  to  Brahe as th e  man -vdio had dem onstrated 
t h a t  th e re  were no s o l id  sp h eres  were numerous th roughou t h is  w orks. See, 
f o r  e x a n ç le , Johann K epler, A stronom ia nava-AlTIO-^-or HTOS.« sev physica  
c o e le s t i s ,  t r a d i t a  com m entariis de m otibvs s t e l l a e  m a rtis , e x  o bservation ibvs 
G, V . Tychonis Brahe ( Pragae ; n .p . ,  1609), PP. r e c to ,  168, The q u o ta -
t i o n  from th e  Epitomes i s  used h ere  because i t  i s  the  most c o n p le te  s t a t e ­
ment by  K epler ab o u t Brahe and th e  s p h e re s .
s tro y e d  th e  sp h eres . F ed e rico  Cesi (1585-1630),®^ founder o f  th e  Accad- 
emia d e l ~L-incei, and G iovanni B a t t i s t a  B alian a  (l3 8 2 -l6 6 0 ),® ^  a  Genoese 
p a t r i c i a n  who l a t e r  pu b lish ed  works on th e  n a tu r a l  m otions o f  s o l id s ,  
b o th  c re d ite d  Brahe w ith  th e  d e s tru c t io n  o f th e  sp h e re s . In  h is  Apologia 
p ro  G a lileo  Thomas Campanella (1^68-1639) l i s t e d  s e v e r a l  n ear-co n ten p o ra ry  
and contemporary w r i te r s  who had proposed new concep ts o f th e  heavens 
which had n o t inc luded  a s o l id  c e l e s t i a l  re g io n . The o th e r s ,  N ico las of 
Cusa, C opernicus, Bruno, P a t r i z i ,  G i lb e r t ,  were c i te d  f o r  t h e i r  opinions
O
Brahe fo r  h i s  o b se rv a tio n s  which confirm ed th e se  o p in io n s , H e lisau s  
R o s lin  (d , I 6I 6) in  th e  same y e a r ,  1597, i n  which he p u b lish ed  De opere
d e i  c r e a to r i s ,  seu  de mundo hypo theses, an h y p o th esis  s im ila r  to  B rahe’ s ,
86used  Tyche a s  th e  com parison f o r  K ep ler’ s d e n ia l  o f th e  sp h e re s .
O thers d id  n o t m ention Brahe b u t gave th e  argume n t  t h a t  s in ce  the  
comets were above th e  Moon, th e re  could be no sp h e re s . Thomas ly d ia t  
(l5?5-l61i6) t i t l e d  th e  fo u r th  ch ap te r  o f h is  P r a e le c t io  astronom ica  "As­
t r a  non v eh i s o l id is  o rb ibus sed  l iq u id o  a e th e re  p e n d e re ."^ ^  Along w ith
^ ^ e d e r ic o  C es i, L e tte r  to  G a lile o  G a l i le i  d a ted  June 20 , 1612 in  
G a lile o  G a l i le i ,  Le opere d i  G a lile o  G a l i l e i  (E d izione  N azionale ; F iren z e : 
G. B arb era , I 89O -I909 ; ,  X I, pp . 332-333.
^^Giovanni B a t t i s t a  B a lian a , L e tte r  to  G a lile o  G a l i l e i  d a ted  Jan ­
u ary  31 ,  l6 l l i  in  G a l i l e i ,  Le o p e re , X II, p . 21.
^\)homas Cam panella, F . Thomae C anpanellae C a la b r i ,  o rd in is  p ra e - 
d ic to rvm , apo log ia  p ro  G a lile o , m athem atico F lo r e n t in e .  % i  d i s q v i r i t v r , 
v trvm  r a t i o  p h ilo sophandi, qvam G a lile v s  c é lé b r â t ,  f a u e a t  s a c r i s  s c r ip -  
t u r i s ,  an a d u e rse tu r  (F ra n c o fv r t i ;  Irç ien s is  G o d e frid i Tam pachii, 1622), 
p p . 9 - l5 I
^ ^ Ib id .,  p p . 18, U9, 51i.
R6
H elisaus R o s lin , L e tte r  to  H erwart von Hohenburg d a ted  O ctober, 
1597 ,  in  K epler, Gesammelte Werke, X II I ,  pp. Ili6-U ;7.
Oy
Thomas l y d i a t ,  P ra e le c t io  a stro n o m ica . De n a tv ra  c o e l i  &
60
th e  o b se rv a tio n s  on com ets, l y d ia t  in c luded  q u o ta tio n s  from a n c ie n t w r i t e r s ,  
a d e n ia l  of a s p e c ia l  f i f t h  elem ent ( fo r  him th e  a e th e r  was j u s t  ex trem ely  
tenuous a i r  and th e  s t a r s  were f i r e s ) ,  and " s e n te n tia  complurium n o s tra e  & 
s u p e r io r is  a e t a t i s  doctorum  virorum " among h is  reaso n s f o r  exclud ing  th e
oo
spheres from  th e  h eav en s.
O ccasio n a lly  a w r i te r  questioned  o r denied  th e  e x is te n c e  o f th e  
spheres i n  a n  a s id e  rem ark th a t  was r e la te d  to  b u t n o t im portan t fo r  th e  
advancement of h is  m ajor to p ic .  Thus, a l th o u ^ i  Edward W right ( l5 5 8 ? - l6 l5 )  
was w r it in g  a  p re fa c e  to  G i lb e r t ’s De magnete concern ing  "m agnetic is  h is c e  
l i b r i s , "  when he m entioned "totum  coelum, omnesque sp h ae ra e ,"  he added, 
" (s iq u ae  s in t ) . " ^ ^  Mark R id ley  (l560-l62li) w r i t in g  a lm ost tw enty  years  
l a t e r  on th e  same s u b je c t ,  magnetism, defended G i lb e r t ’s th e o r ie s  in c lu ­
ding t h a t  o f  th e  d iu r n a l  m otion o f the E a rth , to s s in g  in  the  p a re n th e t i ­
c a l  rem ark ’’( fo r  Spheres a re  b u t f a i n e d ) . " ^
I n  h i s  a tte m p t to  r e c o n c e i l  s c r ip tu r a l  t e x t s  and th e  th e o ry  of a 
moving E a r th , Paolo A ntonia F o s c a r in i  (1 5 8 0 -I6 l6 ) found i t  n ecessa ry  to  
e lim in a te  th e  sp h eres  from  th e  heavens. F o s c a r in i  s t r e s s e d  t h a t  th e  s a ­
cred t e x t s  had been  w r i t te n  f o r  th e  common people  acco rd in g  to  t h e i r  under-
c o n d itio n ib u s  elem entorum ; tum autem de c a u s is  praecipuorum  motuum c o e l i  
& s te lla ru m .  (L ondin i; loannes B i l l ,  1 6 0 ^), p . Ab r e c to : "That th e  s t a r s
a re  no t c a r r ie d  by s o l id  orbs b u t  hang i n  th e  l iq u id  a e th e r ."
QO
I b id . ,  p . 29: " th e  t h o u ^ t  o f  many o f th e  le a rn ed  men o f our s u ­
p e r io r  age,
89Edward W righ t, "Ad gravissim vm  doctissim vm que virum  De Gulielmum 
G ilbertum , m edicinae apud Londinenses doctorem  eximium, m agneticaeque 
p h ilo sp p h i^e  parentum j de m agnetic is  h is c e  l i b r i s ,  Edw ardii W r ig h t i  
p a ra iiie d is  echnom iasine i n  G ilb e r t ,  De magnete, x i i j  v e rso -x v  v e rso .
^ ^ a r k  R id ley , M ag n e tic a ll Animadversions upon C erta in e  Magnet i c a l l  
A dvertisem ents from  W. Barlow (London: N. Okes, 1617), p . 8 .
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s tan d in g  and t h a t  th e re fo re  th e  tru e  meaning was n o t always th e  l i t e r a l  
in te r p r e ta t io n  o f  a  g iven p assag e . In  o rd e r  to  app ly  s c r ip tu r a l  s t a t e ­
ments about th e  E a rth  to  th e  whole u n iv e rs e , he den ied  th a t  th e  c e le s ­
t i a l  reg io n  was " c o n s ti tu te d  o f  a M atter d i f f e r e n t  from  th a t  o f th e  
E lem ents, be ing  f r e e  from  a l l  M utation i n  i t ' s  Substance, Q u a n tity , and 
Q u a lity : Nor so adm irable and e x c e lle n t as A r i s to t le  would make us to
b e lie v e ; no t y e t a  s o l id  Body, and im perm eable; and much le s s e  (as the 
g e n e ra l i ty  o f men v e r i ly  b e lie v e )  o f an im p enetrab le  and most obdurate 
D en sity ,
A lthough G a lileo  G a l i le i  (1^6k"l6h2) d e sc rib e d  th e  heavens as
"so lid issim um  e t  densissim um  ac  p ro inde  maxime po tens ad re s is ten d u m  con- 
op
t a r i i s "  in  l58it, by l6 l2  he had adopted  a  somewhat d i f f e r e n t  p o s itio n :
. . . e p e r  consequenza son s ic u f is s im o  che c i  sono m oti c i r c o la r i  
che descrivono  c e rch i e c c e n t r ic i  ê  e p i c i c l i :  ma che p e r d e s c r i -
v e r l i  t a l i  l a  n a tu ra  s i  se rv a  rea lm en te  d i  q u e lla  fa ra g in e  d i  s fe re  
ed o rb i f i g u r a t i  da g l i  a stronom i, c io  re p u to  i o  c o s i poco neces­
s a r io  a  c r e d e r s i ,  quanto accomodato a l l /  agevolezza de* computi 
a stro n o m ic i; e sono d 'u n  p a re r  medio t r a  q u e g li astronom i l i  q u a li  
ammettono non so lo  i  movimenti e c c e n tr i  d e l le  s t e l l e  ma g l i  o rb i  
e le  s f e re  ancora  e c c e n tr ic h e , l e  q u a l i  l e  conduchino, e qu e i f i l -  
o so fi che parim ente  negano e g l i  o rb i  e i  movimenti ancora  in to rn o
ad a l t r o  c e n tro  che q u e llo  d e l la  t e r r a .
^ ^ a o lo  Antonio F o s c a r in i ,  An E p is t le  o f th e  Reverend F a th e r Paolo 
A ntonio F o s c a r in i ,  a C arm e lite , C cncerning th e  !^^ h ag o rian  and Copernican 
Opinion o t th e  M obility  of th e  E ^ t h ,  and S t a b i l i t y  o f  th e  Sun, and oT
th e  New System o r C o n s ti tu tio n  of th e  W orld. I n  Nhid h . th e  A u th o ritie s
o f  Sacred S c r ip tu re , and A sse rtio n s  o f  D iv in es , Commonly A lledged a g a in s t 
This Opinion Are R econciled . W ritte n  to  th e  Most Reverend F a th e r Sebas-  
t i a n o  F a n to n i, G eneral o f  th e  Order o f  C arm e lite s , E nglished  from th e  
O rig in a l by Thomas S a lu sb u rie  (London: W illiam  Leybourne, I 66I  i n
Thomas S a lu sb u rie , M athem atical C o lle c tio n s  and T ran s la tio n s  in  Two P a r ts . 
From th e  O rig in a l C opies, o f G a li le u s , and O ther famous Modern Authors 
(London: George S aw bridge ,-166?j ,  p . The l e t t e r  was d a ted  January
6, 1615.
^^G alileo  G a l i l e i ,  " J u v e n i l ia ,"  i n  G a l i l e i ,  l e  Opere, I ,  p . 66,
93G a lile o  G a l i l e i ,  I s t o r i a  e D im ostraz ion i in to rn o  a l i e  macchie
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Twenty y e a rs  l a t e r  in  th e  D isco rre  sopra i  due massimi s is te m i d e l  mondo 
Tolem aico, e  Copernicano G a lile o  w rote of the  f r e e  movement o f th e  p la n e ts  
w ithou t co n s id e rin g  i t  n ece ssa ry  to  d iscu ss  th e  e x is te n c e  or n o n -ex is ten ce  
o f th e  s o l id  o rb s .9 ^
These men ty p i f i e d  th o se  who were no lo n g er co n ten t w ith  th e  gen­
e r a l ly  accep ted  le a rn in g . W ith reg ard  to  th e  movement o f th e  heavenly  
b o d ie s , th e y  had become d i s s a t i s f i e d  w ith  b o th  th e  P to lem aic and th e  A r is ­
t o t e l i a n  ex p lan a tio n s  o f c e l e s t i a l  m otions. Some had accep ted  th e  Copernican 
h y p o th e s is ; some had proposed system s o f th e i r  own. When co n sid e rin g  th e  
s t r u c tu r e  o f  th e  heavens, some had abandoned th e  f i f t h  e lem en t; some had 
s c a t te r e d  th e  f ix e d  s t a r s .  In  t h e i r  c o n s id e ra tio n s  of th e  su p ra lu n a r r e ­
g ion  a  few had l e f t  i t  d i s t i n c t  from  th e  su b lu n ar w orld ; none had allow ed 
i t  bo rem ain e n t i r e ly  d i f f e r e n t  from  th e  t e r r e s t r i a l  w orld . A l l  had
s o l a r i  i n  G a l i l e i ,  Le o pere , V, pp . 102-103: "Hence I  am q u ite  su re  t h a t
th e re  e x is t  c i r c u la r  m otions w hich d e sc rib e  e c c e n tr ic  and e p ic y c l ic  c i r ­
c le s .  But t h a t  N ature , i n  o rd e r to  provide th e s e , r e a l l y  makes use o f  
t h a t  f a r ra g o  of spheres and orbs corposed by th e  astronom ers i s ,  I  th in k , 
n o t so much som ething we a re  expected  to  b e lie v e  as i t  i s  a convenience 
in  a s tro n o m ica l com putations, %  opin ion  l i e s  midway between th a t  of a s ­
tronom ers who assume e c c e n tr ic  movements on th e  p a r t  o f s t a r s  as w e ll as 
e c c e n tr ic  orbs and spheres to  conduct them, and th a t  o f p h ilo so p h e rs  who 
deny e q u a lly  th e  e x is te n c e  of such  orbs and a l l  movements n o t c o n cen tric  
w ith  th e  E a r th ." E n g lish  from  G alileo  G a l i le i ,  L e tte rs  on Sunspots in  
D isco v eries  and Opinions o f G a lile o , t r a n s ,  S tillm a n  Drake (Garden C ity ,
New York: Doubleday & Company, I n c . ,  1957), p . 97.
^ ^ a l i l e o  G a l i l e i ,  D ialogo d i  G a lileo  G a l i l e i  Linceo m atem atico 
so p ra o rd in a rio  d e l lo  s tv d io  d i  P is a .  E f i lo s o f o ,  e  m atem atico primaHTo 
d e l  se ren iss im o  Gr. Dvca d i  Toscana. Doue ne i  co n g ressi d i  q u a ttro  g io -  
rn a te  s i  d is c o r re  so p ra  i  due m assimi s is te m i d e l  mondo Tolem aico, e Cop­
e rn ican o ; proponendo indeterm inataroen te  le  ra g io n i f i l o s o f i c h e ,  e 'n a t u r a l i  
ta n to  per 1 'vna, quanto p e r  I ' a l t r a  p a r ie  ( f io re n z a :  ÿer 6 io . B a t is ta
L andird , 1632). See Maurice d la v e l in ,  'G a l i le e  e t  l a  cosm ologie t r a ­
d i t io n n e l l e :  La p rem iere  jo u rn ée  du D ia lo g u e ," Revue d » H is to ire  des
Sciences e t  de le u rs  a p p l ic a t io n s ,  XV (1962), pp . 1-26 fo r  a  d iscu ss io n  
of G a li le o ’s  agreem ents w ith  and disagreem ent w ith  the  A r i s to te l i a n  cos­
mology.
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a l te r e d  some p a r t  o f th e  A r i s to te l i a n  cosmology.
Not everyone ag reed , lynn  Thorndike has ev a lu a ted  th e  works of 
one group as fo llo w s :
For more th an  h a l f  a  c en tu iy  a f t e r  th e  p u b lic a t io n  o f De re v o lu -  
t io n ib u s  A r is to te l ia n  works on th e  heavenly  bod ies continued to  
appear as i f  no th ing  had happened. These e x p o sitio n s  were norm ally  
p u re ly  th e o r e t i c a l  and a rg u m en ta tiv e . They were no t only u n ru f f le d  
by any extended re fe re n c e  to  th e  C opernican th e o iy , b u t fo r  t h a t  
m a tte r to  th e  P to lem aic , They c i te d  a w ealth  of p a s t  p h ilo so p h ic a l 
opin ion  from  P la to  down th rough  A lexander o f A p h ro d is ias , P h iloponus, 
T hem istius, P lo t in u s ,  P ro c lu s , E u s t r a t iu s ,  th rough  Avicenna, A vice- 
bron, A verroes, and o th e r A rabic  com m entators, even through L a tin  
schoolmen such as A quinas, A eg id iu s , Occam, C apreolus and C a je tan , 
to  re c e n t w r i te r s  l i k e  F ic in o , A c h i l l in i  and Zimara. But they  s e l ­
dom u t i l i z e d  anyone who p o ssessed  a  f i r s t - h a n d  knowledge of a s tr o n -  
ony, and should  th e re fo re  be reg a rd ed  as  la rg e ly  ig n o rin g  astronomy 
and o b se rv a tio n  of any s o r t ,  r a th e r  t h ^  a s  opposing or n e g le c tin g  
th e  work o f Copernicus in  p a r t i c u l a r ,
Such an approach l e f t  no p lace  f o r  e i t h e r  a  r e j e c t i o n  or an a f f irm a tio n
o f th e  c e l e s t i a l  sp h e res .
The P to lem aic  t r a d i t i o n  a ls o  co n tin u ed . John of Holywood' s (e a r ly  
t h i r t e e n th  cen tu ry ) S p h a e r a , George P u rb ac h 's  (Iib23-llt6l) Theoricae novae 
p l a n e t a r u m , t h e  two s ta n d a rd s , were each re p u b lish e d  re p e a te d ly  i n  the
18.
95Thorndike, H is to ry  o f Magic and E xperim ental S cience , VI, pp, h7-
96The T rac ta tu s  de sphera  by John o f Holywood was one o f th e  e a r ­
l i e s t  e lem entary  a stro n o m ica l tex tb o o k s w r i t t e n  i n  w estern  Europe to  i n ­
c lude  th e  P to lem aic  system . F or a d is c u s s io n  of the  work, i t s  au th o r 
and th e  many m anuscrip ts  and p r in te d  e d i t io n s  o f th e  Sphera see : lynn
Thorndike, The Sphere o f  Sacrobosco and I t s  Commentators (Chicago, I l l i ­
n o is :  The U n iv e rs ity  o f  Chicago P re s s , 19^9), pp . 1-75,
^^The Theoricae novae p lanetarum  was f i r s t  p r in te d  in  lii88. For 
a  l i s t  o f subsequent p u b lic a t io n s  s e e : J ,  C, Poggendorff, B iograph iech-
l i t e r a r i s c h e s  Handworterbuch zu r G esch ich te  d e r  exac ten  W issenschaften  
E n th a lten d  Nachweisungen ttber L e b e n sv e rh a ltn is se  und le is tu n g e n  von Mathe- 
ro a tik e rn . Astronomen, P h y sik ern , Chemikern, M ineralogen, Geologen usw. 
a l l e r  V dlker und Z e iten  (L e ip z ig : Johann Ambrosius B arth . 1863; L ith o ­
p r in te d  by Edwards B ro th e rs , I n c , ,  Ann A rbor, M ichigan, 19u5), I I ,  c o l .  
122.
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l a s t  h a l f  o f  th e  s ix te e n th  c e n tu iy , w hile new a s tro n o m ic a l t r e a t i s e s  
u s in g  sp h e re s , equan ts and e p icy c le s  fo llow ed one a f t e r  an o th er from th e  
E ng lish  and European p r e s s e s . I n  some o f th ese  th e  a u th o rs  s ta te d  th a t  
th e  spheres were so lid *  in  most they  used th e  c e l e s t i a l  orbs w ith o u t r e ­
gard f o r  t h e i r  p h y s ic a l  r e a l i t y .  One could have conceived of them as 
e i th e r  m athem atica l o r p h y s ic a l  d ev ices .
I n  th e  p o p u la r l i t e r a t u r e  th e  t r a d i t i o n a l  d o c tr in e  a ls o  rem ained.
The Zodiac v i t a e , Le compost e t  k a le n d r ie r  des b e r g ie r s ^*^  ̂ and the
Image du monde^^^ had been t r a n s la te d  in to  v a rio u s  v e rn a c u la r  languages
and w ere, th u s ,  a v a ila b le  to  th e  peoples o f many c o u n tr ie s .  Although th e
co n ten t o f  th e se  and o th e r  w r i t in g s ,  such as th e  Sphera o f  George Buchanan 
102(1^06-1582) and La Sepmaine of Guillaume de S a l lu s te  S ie u r  Du B artas 
(d , 1^90) r anged from  a s t r o lo g ic a l  fo lk lo re  to  good d e s c r ip t iv e
98 Thorndike, A H is to ry  o f Magic and E xperim ental S c ience , VI, pp, 
3-66 surveys th e  works on astronom y p u b lish ed  d u rin g  th e  l a s t  h a l f  o f th e  
s ix te e n th  cen tu ry ,
99Rosemond Tuve, " In tro d u c tio n "  in  The Zodiake o f  T.-ifp. by Mar ce 1- 
lu s  P a lin g e n iu s , t r a n s ,  Barnabe Googe (New York: S c h o la rs ' F acsim iles  &
R e p r in ts , 19ii7),  pp . vL -xxvi,
C, H e se lt in e , "Forew ord," in  The K alendar & C or^ost of Shep­
herds from  th e  O rig in a l E d itio n  Published by Guy Ifer chant i n  P a r is  in  th e  
Tear lit9 3 , and T ran s la ted  in to  E ng lish  c . ig ld ;  Newly E d ited  fo r  th e  
Year 1931 (London: P e te r  D avies, 1930), pp . v - ix .
^^^O liver H, P r io r  ( e d . ) ,  " In tro d u c tio n ,"  in  P a x to n 's  f ^ r o r  o f th e  
World (London: Kegan P a u l, Trench, Trubner & C o., L id , ,  19131, pp. v - x i .
102 George Buchanan, G eo rg ii Buchanani S c o ti F ran c iscan u s e t  f r a t r e s , 
E legiarum  l i b e r  1 . S ilvarum  l ib e r  1 , H endecasyllabon l i b e r  1 . Epigram-  
maton l i b r i  i i i .  De sp h aera  fragmentum, s ,  1 , ( n , p , ;  n , p , ,  l^B it), Tliis
c i t a t i o n  of th e  t i t l e  page o f th e  f i r s t  e d i t io n  and "A P a r t i a l  Census o f 
Copies and E d itio n s"  a re  g iven  in :  James R, Naiden, The Sphera o f George
Buchanan (1506-1582), A L i te r a ry  Opponent o f Copernicus and Tycho Brahe 
(n .p , : n .p , ,  I1952J), pp, 157-165.
Guillaume De S a l lu s te  S ieu r Du B a r ta s , La Sepm aine, ou C rea tio n
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astronom y, most o f  them p o s tu la te d  a g e o c e n tr ic , g e o s ta t i c  u n iv e rse  i n  
which s o l id  spheres c a r r ie d  th e  p la n e ts  th rough  th e  heavens. This type 
o f  le a rn in g  was o f te n  th e  only source f o r  th e  common peop le  and g en era lly  
r e ta in e d  i t s  hold  on i t s  read in g  aud ience  lo n g er th a n  th e  more accademi- 
c a l ly  w r i t te n  l i t e r a t u r e  contemporary w ith  i t .
These w r i te r s ,  th e  A r i s to te l ia n s ,  th e  P to le m a is ts ,  th e  popu lar- 
i z e r s ,  a l l  g e n e ra lly  accep ted  th e  u n iv e rse  a s  th e  u n iv e rse  had been 
though t of fo r  th e  l a s t  thousand y e a r s .  Even among th e s e ,  however, some 
au th o rs  began to  d e p a r t from  th e  t r a d i t i o n a l  cosmology and to  a llow  a few 
m inor changes i n  th e  s p h e r e - f i l le d  heavens. Henry D eclinator ( c .  1580) 
formed th e  heavenly  sp h eres  of "aqua i n  aerem" W illiam  Scribonius ( f l .  
1580) though t th e  te n  c e l e s t i a l  spheres to  be "made o f w a te r , th in n e  l ik e  
a  sk in n e" ;^ ^^  Joseph A costa (l5 3 9 -l6 0 0 ) d id  n o t s p e c ify  th e  m a te r ia l  o f 
w hich th e  heavens were composed b u t a ffirm ed  " th a t  t h i s  space & reg ion  by 
w hich they  f a in e  th a t  s ta r e s  do c o n tin u a lly  march and row le , i s  elem entarie
du Monde, de Guillaume de S a l lu s te ,  Seigneur du B a r ta s  ( P a r is :  Chez M ichel 
G adoulleau, 1^7W). This c i t a t io n  and th e  e d i t io n s  o f Du B a rta s  a re  l i s t e d  
i n :  Guillaume De S a l lu s te  S ieu r Du B a r ta s , The Works of Guillaum e De S a l­
l u s t e  S ieu r Du B a r ta s . A C r i t i c a l  E d itio n  w ith  In tr o d u c t io n ,  Commentary,' 
and V a r ia n ts , ed . Urban Tigner Holmes, J r .  e t  a l . (3 v o ls ;  Chapel H il l ,  
N orth  C aro lin a : The U n iv e rs ity  of N orth C aro lin a  P r e s s ,  1935-1938), I ,
p p . 67-110.
^ * ^ ^ e in rich  D ecim ator, L ib e llv s  de s t e l l i s  f i x i s  e t  e r r a t i c i s  non 
tan tum  astronom ie , verum etiam  i j s ,  q u i i n  s c r ib e n d is  se  v e r s ib u s , ex­
e rc e n t  v t i l i s .  In  f in e  b re v is  a d d itv s  e s t  t r a c t a t u s  de s t e l l i s  c r in i t i s  
s iu e  com etis, & s t e l l i s  caden tibus (M agdeburgi: l5 ü 7 ) , p . A2 r e c to .
^^^Gulielmus Adolphus S c rib o n iu s , N a tv ra l l  P h ilo sophy ; Or a  Des­
c r ip t io n  o f the  W orld, and of th e  S e v e ra ll  C rea tu res  T here in  C ontained;
V is, of A ngels, o f Mankinde, of th e  Heavens, th e  S ta r r  e s ,  th e  P la n e ts , 
th e  Foure E lem ents, w ith  Their O rder, N ature and Govermuent: As Also of
M in era ls , M e tta is , P la n ts ,  and P rec io u s Stones : W ith t h e i r  C olours,
Formes and V ertu es , t r a n s .  D an ie l Widdowes (2d ed«; London:- Tho. Cotes, 
1631), p .  6 , Compare: Gulielmus Adolphus S c rib o n u s. Rerum physicarum
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and c o rrp u tib le ," ^ ^ ^  Loys le  Roy (c ,  1590) l e f t  th e  spheres in  th e  
heavens bu t a lso  p e rm itte d  change in  t h a t  h i th e r to  in c o r ru p t ib le  re g io n .
No one o f th e se  o r s im ila r  minor changes i n  th e  A r is to te l ia n  corpus 
was o f i t s e l f  s u f f ic ie n t  t o  change th e  p re v a il in g  concep ts . Y e t, cumula­
t iv e ly  they  gained such accep tance  th a t  w r i te r s  o f  th e  e a r ly  sev en teen th  
cen tu ry  considered  th e  b e l i e f  in  a  sp h e re le s s  heaven more w idespread th an  
th e  adherence to  a  s p h e r e - f i l l e d  one. G odefridus Chassinus ( f l ,  l6lO) 
a f t e r  much study  became d i s s a t i s f i e d  w ith  th e  t r a d i t i o n a l  cosm ologies 
and p re sen ted  a  w orld system  based upon h is  own r e f l e c t io n s  r a th e r  th a n  
on th e  id e as  o f  p rev ious p h ilo so p h e rs . IiJhen d is c u s s in g  th e  f l u i d  n a tu re  
o f th e  c e l e s t i a l  re g io n , C hassinus rem arked th a t  fo rm erly  men had thought 
th e  heavens were s o l id  b u t now they  knew them to  be of a  s u b tle  substance 
In  1619 Mario G uiducci (1585-16U6), f r ie n d  of G a lile o  and consu l 
of th e  F lo re n tin e  Academy, w ro te  th a t
E prim a, io  la s c io  s t a r e  che ’ 1 p o rre  q u e lle  d i s t in z io n i  d i  s f e r e
iu x ta  le g es  lo g ic a s  m ethodica e x p l ic a t io  G ulie lm i Adolphuo S crib o n iu s  
M arpvrgensis. Nunc denuo re c o g n ita ,  & in  p lu rim is  lo c is  emendata 
(F ra n c o fv r t i :  Apud Andream Wechelum, 1579), PP. 29-30,
^*^^Ioseph A costa , The N a tv ra l l  and M orall H is to r ié  o f  th e  E ast and 
•West In d ie s  I n t r e a t in g  o f th e  Remarkeable Things o f  Heaven, o f th e  E le ­
m ents, M e t ta l ls ,  P la n ts  and B easts ~Which Are P roper to  That Country: To­
g e th e r w ith  th e  Manners, Cerem onies, Lawes, Governements, and Warres ot 
th e  In d ia n s , t r a n s .  ^ w a r d  Grimston#. (London: Edward B lount and W illiam
A spley, 160U), p . 7.
^^^loys l e  Roy, Of th e  In te rch an g eab le  C ovrse, o r V a rie ty  o f  Things 
in  th e  Whole W orld; and th e  Concvrrence o f Armes and L earn ing , Through th e  
F i r s t  and Fam ousest N ations : From th e  Beginning o f C i-v ility , ^ d  Memory
o f Man, to  This P re se n t. M oreover, W hether I t  Be True o r No, ^ a t  There 
Can Be Nothing Sayd, Which Hath No~t B in S a id /H e re to fo re : And Thai We Ought
by Our Owne In u en tio n s  To Augment th e  D octrine  o f th e  A uncien ts; Not Con- 
te n t in g  O urselues w ith  t r a n s l a t i o n s ,  E x p o s itio n s , C o rre c tio n s , and Ab-  
ridgm ents o f T h e ir W ritin g s ,  t r a n s .  R. A. (London: C harles l e t s w e i r t ,
I 59Ü), f .  1 . r e c to .
Thorndike, The H is to ry  o f Magic and Experim ental S c ien ce , V I, p . 3BU.
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e o rb i  c e l e s t i ,  n e ' q u a l i  fermamente l e  s t e l l e  fu s se ro  a f f i s s e  e che 
so lo  a l  movimento d i  q u e g li andassero  in  v o l ta ,  è  ormai ta n to  n o to r-  
iam ente p ien o  d 'i n v e r i s i m i l i  e d i  repugnanze, che 'n s in o  a buona 
p a r te  de p ill o s t i n a t i  c o n t r a d i t to r i  s 'inducono  a  d e p o rg li ,  e a 
c red ere  i  p ia n e t i  e s s e r  m o b ili p e r lo ro  s t e s s i .  .  . .109
A few y e a rs  l a t e r  F ran c is  Bacon (1561-1626) d ism issed  th e  s u b je c t w ith :
Explosa enim f e r e  jam pridem  s u n t,  i l i a ,  Raptus P rim i M ob ilis , e t  
S o l id i ta s  C o e li. ( s t e l l i s  i n  o rb ibus s u is  tanquam c la v is  in  la q u e - 
r ib u s  i n f i x i s ) . ^ ^
The reaso n s why th e  d o c tr in e s  had been exploded a r e  a  m ixture  o f 
th e o r e t i c a l  and o b s e rv a tio n a l c o n s id e ra tio n s . The s p e c u la tiv e  e lem ents 
were somewhat d i f f e r e n t ,  b u t  no t r a d ic a l ly  so , from th o se  arguments which 
had been p re sen te d  by e a r l i e r  w r i te r s .  'Whenever th e  spheres had i n t e r ­
fe re d  w ith  a th e o ry , t h e o r i s t s  had seldom h e s i ta te d  to  s a c r i f i c e  th e  
sp h e re s . In  p rev io u s  a g e s , however, such th e o r is t s  had been men whose 
in f lu e n c e  on l a t e r  g e n e ra tio n s  tu rn ed  out to  be le s s  s ig n i f ic a n t  th an
109̂Mario G uiducci, D isco rso  d e l le  cometé d i Mario G vidvcci F a t to  
da I v i  n e l l '  accadem ia F io re n t in a  n e l  svo Medesimo consola to  (In  F iren ze : 
1619) i n  G a lile o , Opera, V I, p . 86: " F i r s t ,  l e t  i t  be s a id  th a t  th e  a s ­
sum ption o f  d i s t i n c t  c e l e s t i a l  spheres and orbs in  which s t a r s  a re  f irm ly  
f ix e d  and by whose m otion a lo n e  th e y  a re  s e t  to  tu rn in g  has a t  le n g th  be­
come so n o to r io u s ly  f u l l  o f  in p r o b a b i l i t ie s  and c o n tra d ic t io n s  th a t  even 
many o f  our most stubborn  a n ta g o n is ts  have been le d  t o  g e t  r i d  of them 
by b e lie v in g  th e  p la n e ts  t o  move by them selves. " E n g lish  t r a n s la t io n  
from : Mario G uiducci, D iscourse  on th e  Comets in  The C ontroversy on th e
Comets o f l 6 l 8 ,  pp . U8-i|.9.
^^*^Francis Bacon, The "Works o f F ran c is  Bacon, Baron of Verulam, 
'V iscount S t .  A lbans, and Lord Üigh C hancello r of England, ed . James 
Spedding, e t  a l .  ( l5  v o ls ;  New York: Hurd and Houghton, 1861;), I I ,  p .
270: "For th o se  Dogmaes and Paradoxes a re  alm ost v a n is h t ,  &. long agoe
exploded, namely, th e  R ap tu re  of th e  F i r s t  Mover: and th e  S o lid i ty  of 
Heaven ( s t a r r e s  be ing  th e r e  f i x t  a s  n a i le s  in  th e  arched Roofm o f a 
P a r lo u r ) ."  E n g lish  t r a n s l a t i o n  from : F ranc is  Bacon, Of th e  Advancement
and P ro f ic ie n c e  o f L earn ing  o r  th e  P a r t i t io n s  o f Sciences ix  Bookes. 
W ritte n  in  L a tin  by th e  Most Eminent I l l u s t r i o u s  &. Famous Lord F ran c is  
Bacon, Baron o f  "Verulam, "Vicunt S t .  Alban, C ounsilour o f E s ta te  and Lor? 
C hance llo r o f England, In te r p r e te d  by G ilb e rt Wats (O xford: Rob. loung ,
& Ed: F o r r e s t ,  l6U07, pp. li;5 -lU 6.
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th a t  of many o f t h e i r  co n tem p o raries . L u c re tiu s  (d . c .  55
Sosigne (c . 1 9 0 ) ,^ ^  P roclu s ( I i l 0 - i j 8 3 ) G i l e s  o f Rome ( I2 l i7 -1 3 l6 )^ ^
l l 5and N icolas o f  Cusa (lli01-lit61i) had, each in  tu r n ,  suggested  th a t  the  
p la n e ts  wandered f r e e ly  through sp ace . Their id e a s  were overshadowed by 
the w ritin g s  o f A r i s to t l e ,  Ptolem y, Sim plicus ( f l .  580), Al Fargan i ( f l ,  
833) and A l F a rab i ( f l .  950), S a in t Thomas Aquinas and John o f Holywood, 
w ritin g s  i n  which th e  more orthodox d o c trin e s  o f  astronom y were ta u g h t.
The s i tu a t io n  was re v e rse d  around I 6OO. The men—B rahe, G i lb e r t ,  K epler, 
G a lile o —who denied th e  spheres were among th e  prom inent n a tu r a l  p h ilo so ­
phers i n  Europe i n  t h e i r  own tim e and were th e  most i n f l u e n t i a l  in  l a t e r  
ag es .
A fte r  1588, th e  d a te  o f th e  p u b lic a t io n  o f B rahe’s De mundi ae -  
t h e r i  th e  r e je c t i o n  o f th e  s o l id  heavens was l in k e d  to  o b se rv a tio n a l d a ta . 
R obert Burton (l577-l61 |0) i n  The Anatomy o f Melancholy p rov ided  h is  readers
^■ ^^ucre tius De rerum  n a tu ra  i ,  i i ,  v.
112Sosigne, th e  tu to r  o f A lexander o f A p h ro d is ia s , w rote a  work 
a g a in s t  th e  hom ocentric sphere  th e o ry . P a r ts  o f t h i s  have been p reserved  
in  S im p lic iu s ' commentary on A r i s t o t l e ’s De c a e lo . See: P ie r r e  Duhem,
Le système du monde. H is to ire  des d o c tr in e s  cosm ologiques de P la to n  a 
Copernic I  ( P a r is :  A. Hermann e t  f i l s ,  1913), pp . hOO-hOL.
113P ro c lu s  surnamed th e  S uccesso r was head o f th e  Academy u n t i l  
I|.S3 and one o f th e  forem ost N e o p la to n is ts  of th e  f i f t h  c en tu ry . Among h is  
w rit in g s  i s  th e  Hypotheposis astronom icarum  positionum  in  which he suggests 
th a t  th e  movements o f  th e  s t a r s  which a re  observed a re  th e  t ru e  movements 
o f th o se  b o d ie s . See Duhem, Le systèm e, I I ,  pp. IO3 -IO 7 .
n )[
G iles of Rome, a  s tu d e n t o f S a in t Thomas A quinas, t r i e d  to  in ­
co rp o ra te  atomism in to  th e  A r i s to te l i a n  cosmology. See: George S arton ,
In tro d u c tio n  t o  th e  H is to ry  of S cience  (B a ltim o re , M aryland: The W illiams
and m ik in s  C o ., 19ii7), I I I ,  pp . 5h6-5li7.
^ ^ S e e  p .  28 su p ra .
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w ith  a  rev iew  of re c e n t th e o r ie s :
I s  i t  much c o n tro v e rte d  betw ixt lÿcho B rahe, and C h ris to p h e r Rothmann 
th e  Landgrave o f H assias Ifethem atic ian , i n  t h e i r  A stro n o m icall E pis­
t l e s ,  w hether i t  be th e  same Diaphanum, c le e re n e s s , m a tte r  o f th e  
A ire  and Heavens, o r two d i s t in c t  E ssences? C h ris to p h er Rothmann, ■ 
John Pena, lo rdanus Brunnus, w ith  many o th e r  l a t e  M athem aticians con­
tend  th a t  i t  i s  th e  same, and one m a tte r th ro u g h o u t, sau in g  th a t  th e  
loigher, s t i l l  th e  p u re r  i t  i s ,  and more s u b t i l e .  %ycho w i l l  have two 
d i s t i n c t  m a tte rs  o f Heaven and A ire ; b u t to  say t r u t h ,  w ith  some sm all 
q u a l i f i c a t io n s ,  th ey  haue one and th e  s e l f e s ame o p in io n , about th e  
Essence and m a tte r  o f Heavens, th a t  i t  i s  no t hard  and im p en e trab le , 
as P e r ip a te t ic k s  h o ld , tra n sp a re n t o f a  q u in ta e s s e n t ia ,  b u t t h a t  i t  i s  
p e n e tra b le  and s o f t  a s  A ire i t s e l f  i s ,  and th a t  th e  P la n e ts  move in  i t ,  
as B irds i n  th e  A ire , Fishes i n  th e  Sea . This th ey  proue by m otion of 
Comets and o th e rw ise , which a re  n o t g en era ted  as  A r i s to t le  te a c h e th , 
in  th e  a e r i a l l  Regions o f an h o t and d ry  e x h a la tio n , and so consumed, 
b u t as  Anaxagoras & Democritus h e ld  o f  o ld , o f a  c e l e s t i a l l  m a tte r  
& a s  Tÿcho, H e lisa n u s , R o eslin , Thaddaeus H aggesius, Pena, Rothmann, 
F r a c a s to r iu s ,  dem onstrate  by P a ra la x e s , r e f r a c t io n s ,  motions o f th e  
P la n e ts  which i n t e r f e i r e  & cu t one a n o th e rs  o rb s , now h ig h e r , and then  
low er, as  Mars amongst th e  r e s t ,  which som etim es, as  K epler confirm es 
by h is  owne, and Tÿcho’ s accu ra te  o b se rv a tio n s , comes n e a re r  th e  E arth  
th a n  th e  su n , and i s  ag a in  sometimes a l o f t  in  J u p p ite r s  o rb e . & by 
o th e r s u f f i c i e n t  re a so n s , f a r r e  aboue th e  Mo one : exp lod ing  in  th e
meanetime th a t  Element o f F ir e ,  those  m onstrous Orbes o f E c c e n tr ic k s , 
and E ccen tre  E p icy c le s . "Wliich howsoever P to le n y , A thasen , V i te l lo ,  
Maginus, C lav iu s , and many of th e i r  a s s o c ia te s  s t i f f e l y  m a in ta in s , to  
be r e a l !  o rb e s , e x ce n tr ic k e , c o n c e n tric k e , c i r c le s  aequant &c. a re  
absurd  and r id ic u lo u s .  For who i s  so mad to  th in k e , th a t  th e re  should 
be so many c i r c l e s ,  l ik e  subord inate  w heeles i n  a  c lo ck , a l l  impen­
e tra b le ,a n d  h a rd , as  th ey  fa in e ,  adde and s u b s tr a c t  a t  t h e i r  p le a s -  
■ u re s .
The sph eres  had been d estro y ed . Not by C opernicus. Not by th e  
appearance o f th e  New S ta r  o f  15?2 or of th e  Comet o f  1577. Not by th e  
P la to n x s ts  o r a t  omis t s  who had long den ied  them. But by th e  re p e a te d  
s ta tem en ts  o f many men who conceived of a  c e l e s t i a l  re g io n  i n  which s o l id  
sphere were in c o n ce iv a b le  and who jo in ed  t h e i r  d isavow al to  r e c e n t ly  ob-
^ % o b e r t  B u r to ^  The Anatomy o f ^ la n c h o ly :  Mhat I t  I s .  TVith A ll
th e  K indes, C avses, Sympl7omes, P ro g n o stick s , and S e v e ra l l  Gvres o f I t .
In  Three Maine P a r t i t i o n s ,  w ith  T h e ir S e u e ra ll  S e c tio n s , Members, and 
S v b sec tio n s . P h ilo s o p h ic a lly .  M ed ic in a lly , H is to r ic a l ly  Opened and Cut 
Up (2d e d . ; Oxford: Henry C ripps, 162iiJ, pp . 2 lii-2 l5 .
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serv ed  a s tro n o m ica l phenomena. Each man had d estro y ed  th e  spheres in  
o rd e r to  so lv e  some problem  w ith in  h is  own s p e c ia l iz e d  th e o r e t i c a l  frame­
work. Few o f them seemed to  r e a l i z e  t h a t  th e  s o lu t io n  to  one problem  had 
c rea ted  s e v e ra l  o th e rs .
CHAPTER I I I
7ITALISTIG MOTORS
Biy e lim in a tin g  the  sp h eres  from  th e  c e l e s t i a l  re g io n  n a tu ra l  p h ilo s ­
ophers had countered  one argument a g a in s t  p la c in g  comets above th e  Moon, 
avoided  th e  n e c e s s i ty  o f an  ad hoc hy p o th esis  of n o n -re f ra c tiv e n e s s  f o r  
th e  s o l id  a e th e re a l  b o d ie s , and p e rm itte d  them selves and o th e rs  to  d ev ise  
p la n e ta ry  system s in  which th e  p a th  o f one globe in te r s e c te d  th a t  of an­
o th e r . “While a  sp h e re le s s  heaven so lved  th e se  d i f f i c u l t i e s ,  new problems 
a ro se  when th e  su p ra lu n a r re g io n  no longer con tained  th e  s o l id  o rbs. 
W rite rs  could and d id  use A ir , A e th er, F ire  o r some e q u a lly  su b tle  sub­
s ta n c e  t o  occupy th e  space l e f t  v acan t i n  th e  c e l e s t i a l  w orld; b u t, w h ile  
th e se  f lu id s  cou ld  and d id  re p la c e  th e  spheres s p a t i a l l y ,  they  were not 
s u i ta b le  as th e  e f f i c i e n t  causes o f  p la n e ta ry  m otions. For those  who 
w ished to  co n sid e r such causes o f  c e l e s t i a l  movements some ad justm ents 
were needed.
Not a l l  wanted to  d iscu ss  t h i s  q u e s tio n , T h ro u ^ o u t th e  cen­
t u r i e s  many astronom ers had avoided th e  debate  over th e  r e a l i t y  of the  
spheres and e p ic y c le s . These w r i te r s  had w r it te n  o f a  m otion n a tu ra l  
t o  th e  heavens and th e n  proceeded to  d e sc rib e  th e  movements of th e  
b o d ies  governed by th e se  m otions r a th e r  th a n  a tte n ç )tin g  to  e x p la in  what 
produced them. N ico las Copernicus in  h is  De revo l u t io n ib u s  follow ed
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t h i s  t r a d i t i o n ,  and Thomas Digges in  h is  E ng lish  p re s e n ta t io n  o f  th e  he-
2
l io c e n t r i c  th eo ry  d id  l ik e w is e . Both men used th e  term s "sphere" and 
"orb" in  r e l a t i o n  to  th e  p la n e t s ,  b u t n e i th e r  in d ic a te d  w hether o r n o t he 
co n sidered  th e se  a s  s o l id  b o d ie s ,^
Tycho Brahe assumed a  r e g u la r  c i r c u la r  motion f o r  th e  heaven ly  bod­
ie s  b u t  d id  n o t concern h im se lf  w ith  any d e ta i l s  of th e  ag en ts  producing 
th e se  m otions or any mechanism f o r  t r a n s m it t in g  m otion. I t  was s u f f ic ie n t  
f o r  him th a t
ip s a  S id e ra  o b tin e re  n a tu ra lem  quandam & connatam, au t p o tiu s  D iu in- 
i tu s  ab i n i t i o  in d ita m , & perp e tu o  conseruatam  motus r e g u la r i s  S c i­
en tism , qua cu rsus su o s , n u l l i s  Orbibus. im p u ls i, v e l  f u l c i t i ,  p e r­
f e c t  i s  sime co n stan tiss im eq u e  a b so lu u n t,^
^N icolas C opern icus, N ic o la i G opern ici T o rin en s is  de re v o lv tio n ib v s  
orbium co e les tiu m , l i b r i  v i .  (N orim bergae: Apud lo h , P etre ium , 15U3J»
^Thomas D igges, "A P e r f i t  D e sc rip tio n  o f th e  C e l e s t i a l l  Orbes acco r­
d ing  to  th e  Most A unciente D o c trin e  o f th e  P y thagoreans, L a te ly e  Reuiued by 
Copernicvs and by G eo m etrica ll D em onstrations A pproued," in  Leonard D igges,
A P ro g n o s tic a tio n  E u e r la s tin g e  o f  R i ^ t e  Good E f fe c te , F r u i t f u l ^  Augmented 
lay th e  A uctour, C on ta jn ing  P la in e , B r ie fe , P le a sa u n t, Chosen k u le s  to  lu c f^  
th e  W eather by th e  Sunne, Moone, S ta r r e s .  Comets, ^ in e b o w , Thmider, Cloudes, 
w ith  O ther E x trao rd in a ry  Tokens, Not O m itting  th e  A spects o f  P la n e ts ,  w i t h  
a  B rie fe  Judgement f o r  E uer, o f  P le n ty , Lacke, S ickene s s ,  D earth , W a r re s ,
&c« Opening a lso  Many N a tu ra l l  Causes W o rth y  To Be Enovven. To !ftiese Tnd 
O ther Now a t  th e  L a s t, Are loyned D ivers G en era li, P lea sau n t T ab les, v v itE ~ 
Mayne Compendious R u les, Easye To Be Had i n  Memory, Manl^olde^Vvayes Pro­
f i t a b l e  to  A1 Men o f V nderstanding  (London; Thomas Marsh, l5 7 b j .
^C opem cius, De re v o lu tio n ib u s , p p . 7 v e rso - lO r e c to ; D igges, A Pro­
g n o s tic a t io n  E u e r la s tin g e , pp . A l, r e c to .  Ah r e c to ,  passim .
^y-cho B rahe, lÿ ch o n is  Brahe Dani de mvndi a e th e re i  re c e n tio r ib v s  
phaenomenis. L iber secvundvs q v l e s t  de i l l v s t r i  s t e 11a cavdata  ab e lap so  
f e re  t r i e n t e  Nouembris a n n i 1377, vsque in  finem  la n u a r i j  seq u e n tis  con-  
sp ec ta  (T ra n ib v rg i; ÇL583) in  Tÿcho B rahe, üÿchonis Brahe Dani opera omnia, 
ed. I .  L. E. D reyer (15 v o l s . ;  H auniae: In  L ib ra r ia  G yldendaliana, 1?13-
1929) ,  IT , pp . 223- 22U: " . . .  th o se  s t a r s  po ssess  a  c e r ta in  n a tu r a l  and
in n a te ,  o r r a th e r  in fu se d  from  th e  beg inn ing  by D ivine P rov idence , knowledge 
o f  r e g u la r  m otion, c o n s ta n t]y  m a in ta in ed , by which th ey  co n p le te  most p e r­
f e c t l y  and most c o n s ta n tly  th e i r  co u rse s , d riv e n  o r supported  by no o rb s ."
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G alileo  G a l i l e i  s id e s te p p e d  th e  problem  o f  naming th e  e f f i c i e n t  
causes o f c e l e s t i a l  movement by d ism iss in g  i t  a lo n g  w ith  th e  p r in c ip le s  
in v o lv ed  in  o th e r  well-known motions :
S a lv . lo  non ho d e t to ,  che l a  t e r r a  non h ab b ia  p r in c ip io ,  ne e s te m o , 
nè in te rn e  a l  moto c i r c o la r e ,  ma d ic o , che non so qu a i de dua e l l a  
s i  habb ia ; & i l  mio non lo  s a p e re , non h a fo rz a  d i  le u a r g l ie lo ;  ma 
se  questo  au to re  s a  d a  che p r in c ip io  s ien o  m ossi i n  g iro  a l t r i  c o rp i 
mondani, che s icu ram en te  s i  muouono; d ico  che q u e l le ,  che f a  rauouer 
l a  t e r r a ,  è vna cosa s im ile  a q u e l la ,  p e r  l a  q u a le  s i  muoue M arte, 
Gioue, e che e ’ c re d e , che s i  muoua anco l a  s f e r a  S t e l l a t a ;  e se  
egl" mi a s s ic u re rà  c h i  s i a  i l  mouente d i  vno d i  q u e s t i  m o b ili, io  
mi obbligo  a s a p e r g l i  d ir e  c h i f à  muouer l a  t e r r a .  Ma p iù ;  io  vog- 
l i o  f a r  l ' i s t e s s o ,  s ’ e i  mi sà  in seg n a re  c h i muoua le  p a r t i  d é l i a  
t e r r a  i n  g iù ,5
A fte r  S i r ç l i c iu s  had answ ered th a t  th e  w eigh t ( l a  g r a v i ta ) o f a  body caused 
i t  to  f a l l  downward and t h a t  t h i s  cause was w e ll  known, S a lv ia t i  con tinued :
S a lv . Voi e rra  t e  S ig . Sim pl. v o i doueui d i r e ,  che ciaschedun s a  ch ’ 
e l l a  s i  chiama g ra u i ta ;  ma io  non v i  domando d e l  nome, ma d e ll*  
essenza d e lla  cosa : d e l la  qua le  essenza  v o i non sap e te  punto p iîi
d i  q u e llo , che v o i s a p p ia te  d e ll*  essenza  d e l  mouente l e  S te l l e  in  
g iro ;  e cc e ttu a to n e  i l  nome, che a  q u es ta  è s t a t e  p o s to , e f a t t o  
f a m il ia re ,  e dom estico  p e r l a  f re q u e n te  e sp e r ie n z a , che m il le  v o l te  
i  g iorno  ne veggiamo; ma non è che rea lm en te  n o i intendiam o p iu ,
% a l i le o  G a l i le i ,  D ialogo d i  G a lile o  G a l i l e i  Linceo matem atico so p ra - 
o rd in a r io  d e llo  s tv d io  d i  P is a .  E f i l o s o f o ,  e m atem atico p rim ario  d e l  s e r -  
en issim o Gr. Dvca di Toscana. Doue ne i  c o n g re ss i d i  q u a ttro  g io rn a ta  s i  
d is c o r re  sopra  i  due m assimi s is te m i d e l  mondo Tolem aico, e Copernicano; 
proponendo indeterm inatam ente  l e  ra g io n i  f i l o s o f i c h e ,  e n a tu r a l i  ta n to  p e r  
l* v n a , quanto p e r 1*a l t r a  p a r te  ( in  F io ren z a : P e r G io. B a t is ta  L an d in i,~
Ï 63É ), pp. 229: "S alv . I  d id  n o t say th a t  th e  e a r th  has n e i th e r ,  an e x te r ­
n a l  n o r an in te r n a l  p r in c ip le  o f moving c i r c u la r ly ;  I  say  th a t  I  do n o t
know which of th e  two i t  h a s ,  n o t knowing t h i s  does no t have th e  power 
to  remove i t .
"But i f  t h i s  au th o r knows by which p r in c ip le  o th e r  w orld bod ies a re  
moved i n  r o ta t io n ,  a s  th ey  c e r ta in ly  a re  moved, th e n  I  say  th a t  t h a t  which 
makes th e  e a r th  move i s  a  th in g  s im i la r  to  w hatever moves Mars and J u p i t e r ,  
and which he b e liev es  a lso  moved th e  s t e l l a r  sp h e re . I f  he w i l l  a d v ise  me 
as  to  th e  motive power o f  one o f  th e se  movable b o d ie s , I  promised I  s h a l l  
be a b le  to  t e l l  him what makes th e  e a r th  move. M oreover, I  s h a l l  do th e
same i f  he can teach  me what i t  i s  t h a t  moves e a r th ly  th in g s  downward. "
E n g lish  t r a n s la t io n  from : G a lile o  G a l i l e i ,  D ialogue Concerning th e  ^ o
C hief World Systems— Ptolem aic & C opernican, t r a n s .  S ti llm a n  Drake (B erkeley , 
C a l ifo rn ia :  U n iv e rs ity  o f  C a l ifo rn ia  P r e s s ,  1953), p . 23l|.
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che p r in c ip io ,  o che v i r t u  s i a  q u e l la ,  che muoue l a  p i e t r a  in  g iu , d i  
q u e l che n o i sappiamo c h i l a  muoua in  su , s e p a ra ta  d a l  p r o i c i e n t i ,  o 
ch i muoua l a  Luna i n  g i ro ,  ecce tto ch e  (come ho d e tto )  i l  nome, che 
p iu  s in g u la re ,  e  p ro p r io  g l i  habbiamo a sseg n a to  d i g r a v i ta ,  douechè 
a  q u e llo  con t e r mi ne p iti generic©  assegnamo v ir t i l  i i tp r e s s a ,  a q u e llo  
diamo in te l l ig e n z a ,  o a s s i s t a n t e ,  è in f irm a n te ; & a  i n f i n i t i  a l t r i  
m o ti, diamo lo ro  p e r  cagione la  n a tu ra .°
These men were l e s s  concerned w ith  th e  motive fo rc e s  th a n  w ith  th e  
movements th em selv es , and th e y  had used a tim e-honored d e v ic e , th e  assum ing 
o f a  m otion n a tu r a l  to  th e  heavens, to  avo id  d is c u s s in g  what was to  them a  
non-inç)o rtan t to p ic ;  t h i s  s u b je c t  they  l e f t  to  th o se  who co n sidered  i t  imr- 
p o r ta n t .  Among th e  men so in te r e s t e d  two approaches t o  th e  problem  ap­
peared . The w r i te r s  d is c u s s in g  th e  e n t i r e  cosmos o f te n  used v i t a l i s t i c  
p r in c ip le s  a s  e f f i c i e n t  causes f o r  p la n e ta ry  m otions; th o s e  d e a lin g  w ith  
only th e  p la n e ta ry  system  more f re q u e n tly  looked f o r  some p re v io u s ly  known, 
n o n - v i t a l i s t i c  m otor t h a t  could be in c o rp o ra te d  in to  th e  heavenly  system .
The n a tu r a l  p h ilo so p h e rs  who had den ied  th e  spheres and who w ished 
to  use some n o n -c o rp o re a l be ings a s  p la n e ta iy  movers, had a v a i la b le  models
^ G a lile o , D ia logo , p . 230: "S a lv . You a re  wrong, S im p lic io ; rhat
you ought to  say  i s  t h a t  everyone knows th a t  i t  i s  c a lle d  'g r a v i t y . '  What 
I  am ask in g  you f o r  i s  n o t th e  name o f th e  th in g ,  bu t i t s  essence  o f  which 
essence you know n o t a  b i t  more th a n  you know abou t th e  essence  of w hatever 
moves th e  s t a r s  around , I  ex cep t th e  name which has been a tta c h e d  to  i t  
and which has been made a  f a m i l ia r  household word by th e  c o n tin u a l exper­
ien ce  t h a t  we have o f i t  d a i ly .  But we do n o t r e a l ly  u n d ers tan d  what p r in ­
c ip le  o r what fo rc e  i t  i s  t h a t  moves s to n es  downward, any more th a n  we under­
stand  what moves them  upward a f t e r  they  leave  th e  th ro w e r 's  hand, or what 
moves th e  moon around . We have m erely , as I  s a id ,  assigned  to  th e  f i r s t  th e  
more s p e c i f ic  and d e f in i t e  name ' g ra v i ty ,  ' w hereas to  th e  second we a s s ig n  
th e  more g e n e ra l te rm  'im p ressed  force*  (v i r t u e  im pressa) ,  and to  th e  l a s t  
named we g iv e  ' s p i r i t s '  ( i n t e l l ig e n z a ) ,  e i th e r  'a s s i s t i n g '  (a s s i s t a n t e ) o r 
'a b id in g ' ( in fo rm an te ) ;  and as th e  cause o f i n f i n i t e  o th e r m otions we g ive 
'N a tu r e . '"  E n g lish  t r a n s l a t i o n  from  G a l i l e i ,  D ialogue, pp. 23li-235. In  
th e  Two New S c iences ( I 638) when d is c u s s in g  th e  motion o f  f a l l i n g  b o d ie s , 
G a lileo  a g a in  avoided a d is c u s s io n  of th e  cause o f th is  m otion. See: Gal­
i l e o  G a l i l e i ,  D isc o rs i e d im o s tra z io n i m atem atiche, in te rn e  a  due nuoue 
sc ien ze  a t t e n e n t i  a l i a  m ecanica & i  movimenti l o c a l i  ( In  L eida: Appresso
g l i  E l s e v i r i i ,  1638), p. 163.
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from  con tenço rary  as w e ll  a s  from  e a r l i e r  w r i te r s .  The hom ocentric  th e o ry  
as  rev iv ed  by Girolam o F ra c a s to ro  (I2i83-l553) saved th e  heavenly  pheno-
7
mena by th e  use o f  g e o c e n tr ic  spheres having n a tu r a l  m otions. F rac a s to ro
considered  th e  p o s s ib i l i t y  th a t  some in te l l ig e n c e  guided  each  sphere  and
in s i s t e d  t h a t  i f  such  in te l l ig e n c e s  ru le d  th e  system , th e re  could be one
and only one in te l l ig e n c e  f o r  every  sphere i n  th e  system :
Siue i g i t u r  o rb is  a se  ip so  m oueatur, s iu e  a  mente a liq u a  & v o cata  
i n t e l l i  g e n tia , uno tantum  modo moueri necesse  e s t .  quoniam unum e t  
n a tu ra e  unius e s t  p rin c ip iu m , quod movet. a  duabus enim i n t e l l i -  
g e n t i j s  unum orbem m oueri nemo e s t ,  q u i d i x e r i t .  una i g i t u r  s i  e s t  
quae mouet in t e l ln  g e n t ia ,  nec duos quidem p raeb ere  motus p o te s t ,  nec 
unum diuersim ode se  habentem , s i  s i r p le x  e s t  & unum. P er uo lun ta tem  
autem & ex l i b i t o  mouere ( ta m e ts i p ius nemo s im p ü c i te r  negare debet) 
a t  i n  o rb ibus tamen in d u c i non p o te s t ,  quorum m otus, n a tu ra le s  omnino 
s u n t ,  omne enim corpus na tu ra lem  s ib i  aliquem  motum p o s c i t ,  I g i t u r  
s i  i n t e l l i g e n t i a  eo semper motu mouet, q u i o rb i p ro  n a tu ra  d e b e tu r , 
uno quidem semper mouebit motu. s i  uero non eodem senper motu mouet, 
sed quandoque & c o n tr a r io ,  inconueniens c e r te  e r i t  pungantiam  uimque 
in te rc e d e re  i n t e r  mouentem in te l l ig e n t ia m , & motum orbem diuinum  co r­
pus & im m ortale .
Because he considered  each sp h ere  a s in p le  n a tu ra l  body capable o f a  sim ple 
n a tu r a l  m otion , F rac a s to ro  demanded th a t  any in te l l ig e n c e  i n  th e  c e l e s t i a l
^Girolamo F ra c a s to ro , Hieronymi F racas to r  i i  hom ocentrica evisdem  
de cav s is  c r i t ic o rv m  diervm  p er eaqvae in  nob is sv n t ([V en e tii#  333577" 
pp . 3 -h .
^I b i d , ,  p . 5 r e c to -v e r s o ; "T herefore w hether th e  orb i s  moved by 
i t s e l f  o r b y  some mind and named in te l l ig e n c e ,  i t  i s  n e ce ssa ry , m oreover, 
th a t  i t  be moved i n  one way, because i t  i s  one p r in c ip le  and o f one n a tu re  
t h a t  moves. For th e re  has been no one who has sa id  t h a t  one orb i s  moved 
by two in te l l ig e n c e s .  One, th e re fo re ,  i f  t h a t  which moves i t  i s  an i n t e l ­
lig e n c e , n e i th e r  can i t  [ th e  i n t e l l i g e n c e  c e r ta in ly  le ad  two m otions, nor 
one [ b r g  hav ing  a d iv e rs e  m otion, i f  i t  i s  s i r p le  and one. However, i t  
i s  no t p o s s ib le  th a t  i t  move th ro u ÿ i i t s  w i l l  and from  i t s  p le a su re  (which 
any p ious p e rso n  must s in p ly  deny) b u t i t  i s ,  m oreover, led  i n  o rb s , whose 
motions a re  e n t i r e ly  n a tu r a l .  For every body p o ssesses  some m otion n a tu r a l  
to  i t s e l f .  T herefore , i f  th e  in te l l ig e n c e  moves always by th e  same m otion 
which must be  n a tu ra l  to  th e  o rb , indeed  i t  w i l l  move by one m otion; i f  
t r u l y  i t  does no t alw ays move by th e  same m otion, b u t now and th en  and to  
th e  c o n tra ry , i t  w i l l  c e r ta in ly  be u n su ita b le  to  a d iv in e  and im m ortal body, 
and a  f ig h t in g  s p i r i t  w i l l  come between the  moving in te l l ig e n c e  and th e  
moved o rb ."
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system  be com pletely  independent o f any o th e r and no t governed by a common 
in te l l ig e n c e ,^
Jerome Cardan ( l5 0 1 - l5 ? 6 ) , m athem atician , p h y s ic ia n , n a tu r a l  p h ilo so ­
p h e r , and one o f th e  most p r o l i f i c  and p opu lar w r i te r s  o f th e  p e rio d , n o t 
only used th e  p o s tu la te  t h a t  Angels moved th e  s o l id  orbs b u t a ss igned  ch o irs  
and in d iv id u a l  a n g e lic  s p i r i t s  to  c e r ta in  sp h e re s . Cardan, l i k e  many o f 
h is  con tem poraries , mixed a s tro n o ry  and a s tro lo g y  so th a t  th e  c e l e s t i a l  
bodies serv ed  as in te rm e d ia r ie s  between th e  Angels and th e  su b lu n ar w o rld .
In  C ardan 's system  th e  Angels under G ab rie l c o n tro lle d  th e  Moon, 
which a f fe c te d  th e  elem ents and bodies o f l iv in g  th in g s .  The V irtu es  le d  
by R aphael governed M ercury, th e  p la n e t a ss ig n ed  to  th e  i n t e l l e c t  and sen se s , 
Venus, th e  mother o f  enjoyment and d e l ig h t ,  guarded th e  p ro c re a tio n  o f th e  
sp ec ie s  under th e  d i r e c t io n  o f th e  Dominations and t h e i r  le a d e r  A nael.
Since th e Sun was the p r in c ip a l source o f a l l  l i f e ,  i t  was placed in  th e  
care o f  M ichael, the Prince o f the A rchangels, Mars, guided by Samael and 
th e Powers, p rotected  the bold w hile  J u p iter , d irected  by S ach ie l and the  
P r in c ip a l it ie s ,  e sta b lish ed  peace and tr a n q u ility . Thrones, whose leader  
was C a ss ie l, accouç)anied Saturn and the Seraphim and Cherubim r e sp e c tiv e ly  
turned th e  e ighth  and n in th  orbs,^^
Cardan d id  n o t d is t in g u is h  betw een a n g e lic  beings and th e  non-cor­
p o re a l b u t knowing s p i r i t s  t h a t  o th e r  w r i te r s  named I n te l l ig e n c e s ,  For him 
th e  two term s were in te rc h a n g e a b le ; "De A ngelas, seu i n t e l l i g e n t i i s ,
O
Ib id . ,  pp , 5 v e rso -6 r e c to ,
Jerome Cardan, Hieronymi Cardani M ediolanensis,  m edici, de s v b t i l -  
i t a t e ,  l ib r i  x x i. Nunc demum ab ip so  autore r e c o g n it i ,  atque p e r fe c t i  (Lvg- 
dvni: Apud Gulielmum R ouillium , 1^59), pp. 696-697,
^ ^ i d , , p , 693.
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F ranc isco  V icom ercato (d , 1$70), p h y s ic ia n  and ro y a l  p ro fe s so r  to
th e French crown, follow ed the A r is to te lia n  teach in g  th a t th e p r in c ip les
12o f  any n a tu r a l  m otion were i n t e r n a l  ones, b u t he showed l i t t l e  concern 
f o r  th e  name o f  t h i s  p r in c ip le  in  th e  c e l e s t i a l  re g io n : "Motus vero in
orbem ab anima e s t ,  seu  forma c o e l i ,  sua  e tiam  ab i n t e l l i g e n t i a .  . .
One o f th e  I t a l i a n  group who continued  th e  A verroesian  t r a d i t i o n  
was more p r e c is e .  C aesar Cremonis (15^0-1631) would n o t a llo w  i n t e l l i ­
gences to  run  th e  heavenly spheres in  h is  system  because
In  i n t e l l i g e n t i a  t r i a  c o n s id è re , subst a n t iam , in te l le c t io n e m , i n t e l -  
l i g i b i l i t a t e m .  . . .  Non p o te s t  con iung i co elo  r a t io n s  s u b s ta n t ia e ,  
q u ia  e s t  p ro rsu s  de se s u b s is te n s ,  nu llam  ad a l iu d  in c lu d en s  r e l a t i -  
onemj non p o te s t  etiam  co n iu g i r a t io n e  i n t e l l e c t i o n i s ,  q u ia  i n t e l l e c t i o ,  
quae con iungatu r a l t e r i  debet e sse  i n t e l l e c t i o  p r a c t ic e .  P er hanc enim 
in t e l l e c t u s  r e c e d i t  e x tr a  s e ,  s ic u t  p e r  sp ecu la tiu am  se ced i t  i n  s e ; 
i n t e l l e c t i o  ve ro  i n t e l l i g e n t i a e  e s t  s p é c u lâ tiu a ,  q u are  nqn p o te s t  e sse  
co n iu n c tio  r a t io n e  i n t e l l e c t i o n i s .  E e lin q u i tu r  i n t e l l i g i b i l i t é s ,  quod 
e r i t  id  quod r e c ip ie m u s .^
12F ran c isco  V icom ercato, F ra n c is  c i  V icom ercati M ediolanens i s  de 
p r in c ip i i s  rervm  n a tv ra liv m . l i b r i  t r e s .  Nunc primvm i n  Ivcem e d i t i .  Cum 
p r iv i l é g ie  (V e n e t i i s :  Apud. F ran c is  cum Bolzetam  B ib liopo lam  Patauinum , 1^96),
p p . 15 re c to , 120 r e c to .
^^ Ib id . , p .  118 r e c to : "T ru ly  m otion i n  th e  orb  i s  from  th e  s o u l,
o r  form  of th e  sky , even from  i t s  in t e l l i g e n c e ."  Cf. F ran c is  c i  V icom ercati 
p h i lo s ophi r e g i i  in  eam partem  duodecim i l i b r i  m etaphysicorum  A r i s t o t e l i s ,  
i n  qua de Deo, d iv in isq u e  omnibus m eniibus d i f f e r i t u r ,  com m entarij, vna 
cum eivsdem p a r t i s  è Graeco in  la tin u m  co n v ersio n s (V e n e tiis :  E x o ffic in a
D om inici G v e rre i, e t  Io . B a p tis ta e  F ratrvm , l58o), p. 1-1;.
^ C e s a re  Crem onini, C aesaris  Cremonini d is p u ta t io  de coelo  i n  t r e s  
p a r te s  d iu is a .  De n a tu ra  c o e l l .  De motu c o e l i .  De m otoribus c o e li  a b s t r a -  
c t i s .  A d iecta  e s t  a p o lo g ia  d ictorum  A r i s to t e l i s  de v ia  l a c t e a .  De f a c ie  
i n  orbe lunae (V e n e tiis :  Apud Thomam Balionum, 16131, !>'• 110: ^In  th e
in te l l ig e n c e  I  co n sid e r th re e  th in g s ,  su b s ta n c e , knowing, u n d e rs tan d in g . . .  . 
I t  Qihe I n t e l l i g e n c e  cannot be jo in e d  to  th e  heavens by rea so n  o f  sub­
s ta n c e  because i t  c e r ta in ly  s u b s is ts  de se  e n c lo s in g  an o th e r i n  no re s p e c t;  
i t  cannot even be jo in e d  by reaso n  of knowing because knowing which i s  
jo in e d  to  a n o th e r  must be a n  a c t iv e  knowing. F or th rough t h i s  th e  i n t e l l e c t  
re ced es  o u ts id e  i t s e l f  a s  i t  w ithdraw s i n  i t s e l f  th rough  s p e c u la tio n ; know­
in g  of th e  in te l l ig e n c e  i s  t r u ly  s p e c u la tiv e  w here i t  cannot be jo in e d  by 
re a so n  of knowing. There rem ains u n d e rs tan d in g  which w i l l  be t h a t  which we 
w i l l  a c c e p t."
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The u n d e rs tan d in g  th u s  accep ted  was jo in e d  to  a  c e l e s t i a l  anima which then
became th e  in c o rp o re a l  agen t o f heavenly  m otions. The heavenly  so u ls  could
be and were jo in e d  to  the  m a te r ia l  heavens, a lth o u g h  Cremonis, l ik e  Aver-
ro es  b e fo re  him , was unable to  e x p la in  th e  ex ac t mode o f t h e i r  o p e ra tio n :
semper autem r e l in q u i tu r  considerandus modus, quo i l l e  m otor a b s tr a c -  
tu s  componatur m obili co rpo reo , quae i b i  non p o tu i t  exponi, nec f a c i -  
eb a t ad in ten tu m  i l l i u s  d i s p u ta t io n is .
One o f Cremonis’s c o n te n ç o ra r ie s , John Comhachius o f W etteram (1^85- 
16^1), p ro fe s s o r  o f philosophy a t  th e  U n iv e rs ity  o f  M arburg, t r i e d  to  sep­
a ra te  th e  m otion n a tu ra l  to  th e  heavens from th e  cause o f t h i s  m otion by 
d is c u s s in g  th e  movement i n  two d i f f e r e n t  a s p e c ts .  I f  one co n sidered  th e  
o b je c t b e in g  moved, then th e  movement o f th a t  body was n a tu r a l  "quoad mo-
T f stu s  i s  p e r f i c i t u r  passo  non rép u g n an te , hoc e s t  quoad v io le n tu s  non e s t .
In  t h i s  case  th e  su b je c t "p er naturam  e s t  h a b ile  & idoneum ad eum motum
r e c i p i e n d u m . H o w e v e r ,  i f  one s tu d ie d  th e  ag en ts  o f  heaven ly  m otions,
th en  one passed  from  the rea lm  o f n a tu ra l  m otion t o  t h a t  o f v o lu n ta ry  ones.
1RSuch a  movement "proxime ab ag en te  i n t e l l e c t u a l i  p r o f i c i s c i t u r , "  The
^^ Ib id . ,  p . 113: "alw ays, however, th e  c o n s id e ra tio n  o f th e  way in  
which th a t  a b s t r a c t  motor i s  jo in e d  to  th e  moving body rem ain s , which could 
no t be e x p la in ed  th e re  n o r was i t  made th e  e x te n t o f t h i s  d is p u ta t io n .  "
^^John Combachius, Joh . Combachii W ette ran i physicorum  l i b r i  i v .
Ju x ta  sensum A r is to te l i s  & P e rip a te tic o ru m  magno s tu d io  & la b o re  e d iv e r s is  
au th o rib u s  c o l l e c t i ,  & in  Academia Marpuggensi an teh ac  p u b lic s  p r o p o s i t i . 
E d itio  a l t e r a  p r i o r i  a u c tlo r  & em endatior (F ra n c o fu r ti  ad Moenum: Im pensis
Jo h an -C aro li U n ck e lii B ib lio p o lae  ac c iv i s ,  1629), p . 3^ii: "as long  as  th e  
m otion i s  com pleted by p e rm itt in g  i t  n o t by r e s i s t i n g  i t ,  t h a t  i s  a s  long as  
i t  i s  n o t v io le n t ."
17I b id . : " i s  by n a tu re  s u i te d  and p roper to  re c e iv e  th a t  m otion.
18
“  I b i d . ,  p . 35^: " o rg in a te s  d i r e c t ly  from  an i n t e l l e c t u a l  a g e n t."
19
c e l e s t i a l  in te l l ig e n c e  was an  a s s i s t i n g  one and was c o n tro lle d  by th e  anima 
mundi o r  v is  v n iv e r s i .^ ^  The d iv e r s i ty  o f m otion produced by th e  one p r in ­
c ip le  was ex p la in ed  by assum ing th a t  w h ile  th e  a c t io n  o f the  anima mundi was
uniform  th e  mode o f  r e c e iv in g  i t  v a r ie d  from  one body to  ano ther and "o p er-
20a tu r  p ro  n a tu ra  sp ec ia liu m  corporum. " Combachius was an A r is to te l ia n  and
21w ith  th e  ex cep tio n s  o f h is  d e n ia l  o f th e  c e l e s t i a l - t e r r e s t r i a l  dichotomy
22and th e  adm ission th a t  comets were su p ra lu n a r h is  work d if fe re d  l i t t l e  from  
s im ila r  commentaries w r i t t e n  a cen tu ry  o r more e a r l i e r ,
■While a i^  one of th e s e ,  a n g e ls , in te l l ig e n c e s  o r anima cou ld  have been
t r a n s f e r r e d  from  th e  sp h eres  to  th e  globes them selv es , th e  angels and i n t e l ­
l ig e n c e s  were seldom , i f  e v e r , used in  t h i s  way. Joseph Acosta considered
th e  p o s s i b i l i t y  o f an "A ngell o r i n t e l l e c t u a l l  S p i r i t s ” guiding th e  Comet o f 
231577, bu t he was le s s  s p e c i f ic  about th e  p la n e ta ry  movers: "The d iv e rse  
a sp e c ts  which we see  ap p ea rs  in  p la n e ts  & s ta r r e s  may proceeds from  the  
d iv e r s i ty  o f  m otion which he th a t  guides them d o th  v o lu n ta r ily  g ive them.
I f  A costa  were r e f e r r in g  to  an "Angel o r i n t e l l e c t u a l  S p i r i t s , "  t h i s  
i s  th e  only o ccasio n  o f a s s ig n in g  such a be ing  to  a  c e l e s t i a l  body no t 
a t ta c h e d  to  a sphere  (A costa considered  th e  comets to  be sublunar) th a t  th i s
w r i te r  has been  ab le  to  f i n d .  Perhaps th e  reaso n  fo r  t h i s  is  t h a t  many
^ ^ I b id . .  pp, 1^2, 310-315, 353.
20Ib id . ,  p , 31^: " i t  o p e ra ted  f o r  th e  n a tu re  o f  th e  s p e c ia liz e d
b o d ie s .
^ ^ i d , .  p , 3l2
^ ^ I b id , ,  pp . 365-375.
23lo sep h  A costa, Kie N a tv ra l l  and M orall H is to r ié  o f the E ast and 
West In d ie s  I n t r e a t in g  of th e  Remarkeable Things o f  Heaven, of* th e  Elem ents, 
M e t ta l l s ,  P la n ts  and B easts "Which Are P roper to  That Country; Together w ith  
th e  Manners, Cerem onies, Lewes, Governements, and W arres o f the In d ia n s , t r a n s .  
[Edward Grimston'iü (London: Edward B lount and W illiam  Asplsy, 160h), p . 137.
I b i d . ,  p. 7.
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p h ilo so p h e rs  may have ag reed  w ith  th e  Spanish th e o lo g ic an  Pedro Sanchez
d i  I i caraco (d , l 6 l h ) . Sanchez asked:
Vtrum Angelas moueat coelum? & respondendum e s t  quod non: q u ia  s i
m oueret, tarn t i u i  suorum c o rre la tiu o ru m  e sse n t in f e r iu s  & b i l e s  s u p e r iu s , 
& etiam  p e r suam f o r  man iam non moueret e lem enta , nec e lem en ta ta , sed  p e r 
suam materiam  quod e s t  im p o ssib le .
A lthough he e lim in a ted  th e  Angels as c e l e s t i a l  m overs, Sanchez and o th e rs
l i k e  him wanted to  a llo w  some form  of a  so u l t o  c o n tro l  th e  m otions o f
th e  heavens :
Q u ae ritu r utrum coelum habeat animam motiuam: & respondendum e s t
quod s i c ;  nam a l i t e r  s e n s i t iu a ,  & v e g e ta tiu a  non h ab eren t animas 
m otivas: nec e lem en ta  haberen t motus.
As th e  l a t e  s ix te e n th  cen tu ry  w r i te r s  had changed th e  concepts of
Pedro Hieronymo Sanchez d i  I i  caraco , G en era lis  e t  a d m ira b ilis  
methodvs ad omnes s c i e n t i a s  f a c i l i v s ,  e t  s c i t i v s  ad d iscen d as; in  qua ex- 
im ij  & p i is s im i d o c to r is  Raimundi L u i l j i  a rs  b r e u is ,  e x p l ic a tu r :  & mul-
t i s  e x e n p lis , v a r iis q u e  q u a e s tio n ib u s , c irc a  f a c u l t a t e s ,  quae i n  s c h o lis  
d o c en tu r , ad praxim  (quod nunquam faciam  le g i tu r j  a p e r tis s im e  re d u c itu r  
( T u r ia s o ^ e  : Per Carolum à  Lauayen, I 6I 9 ) ,  pp. 39h-395: "Whether an  Ange 1
moves th e  heaven? and th e  answer i s  t h a t  he does n o t .  Because i f  he d id  
move i t ,  th en  th e  " t i u i "  o f  h is  c o r r e la t iv e s  would be th e  i n f e r i o r  and th e  
" b i le s "  th e  s u p e r io r , and fu rth e rm o re , th e n  he would move th e  e lem ents or 
th e  b od ies  composed o f e lem ents n o t th rough  h is  form b u t through h is  m a tte r 
w hich i s  im p o ss ib le ."  The ex ac t mieaning of " tiu u s "  and " b i le s "  i n  th i s  
p assag e  i s  d i f f i c u l t  to  a s c e r ta in .  The words a re  n o t l i s t e d  i n  th e  s tan d ­
a rd  L a tin  d ic t io n a r ie s .  Sanchez p robab ly  p icked  them up from h is  m edieval 
so u rce  Raymond L u lly . Rev. M ercian S tran g e , O.S.B. o f  S a in t M einrad Arch­
abbey, S a in t M einrad, In d ian a  suggested  t h i s  p o s s ib i l i t y :  "BILES i s  th e  nom.
p i .  o f VIUS (b sw itch in g  w ith  v) meaning low o r i n f e r i o r ,  and TIUI i s  the  
nom. p i .  of DI7U5 o r DIÜÜS (v i s  same as  u , and th e  d e n ta l  t  cou ld , I  th in k , 
re p la c e  an o ther d e n ta l  d) meaning d iv in e  or s u p e r io r .  T ra n s la tio n : Does an
a n g e l move th e  sky? The answer i s  no: because , i f  an  an g e l moved th e  sky,
th e n  th e  su p e r io r  ( t i u i )  a n g e ls—in  case th ey  were th e  ones moving th e  sky— 
would be below t h e i r  own p eers  (namely th o se  s u p e r io r  angels who would no t be 
low ered by c o n tac t w ith  som ething as low as th e  sk y ) , or th e  i n f e r i o r  ( b i le s )  
a n g e ls—in  case th ey  were th e  ones moving th e  sky—would be above t h e i r  p e e rs  
(namely those  i n f e r io r  an g e ls  who would n o t be r a is e d  in  d ig n ity  by co n tac t 
w ith  something as  h ig h  a s  th e  s k y ) ,"  For an o ther d e n ia l  of th e  p o s s ib i l i ty  
o f  th e  angels moving th e  heavens s e e : N icho las H i l l ,  P h ilo so p h ia  E p icv rea , 
D em ocritiana, T heophrastica  p ro p o s ita  s im p l ic i te r ,  non~idocta (flo lon iae 
Allobrogum: P ro s ta n t i n  O ff ic in a  F a b ria n a , 1619), pp . ^7-üü.
26Ib id . . p . 395: " I t  i s  asked w hether th e  heaven has a m otive s o u l .
And th e  answer i s  t h a t  i t  does, f o r  o therw ise  th e  s e n s i t iv e  and v e g e ta tiv e
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th e  heaven ly  re g io n , so  d id  two o f them propose t h e i r  own id e a s  o f the  
so u ls  d w e llin g  w ith in  th e  u n iv e rse . Both men were I t a l i a n s ;  b o th  were 
a n t i - A r i s to t e l i a n .  One was an a to m is t, th e  o th e r a  P la to n is t .  N e ith er 
was an o b s e rv a tio n a l astronom er. Each w ro te  on a  wide v a r ie ty  of su b je c ts  
and each had h is  works c o n ta in in g  h is  cosm olog ica l id e a s  p laced  on the In ­
dex. The two men were Giordano Bruno and F ran c isco  P a t r i z z i ,
The man who e x a lte d  and e x to l le d  th e  c e l e s t i a l  anima to  th e  g re a t­
e s t  e x te n t  i n  th e  s ix te e n th  cen tu ry  was th e  younger o f th e  two, Giordano 
Bruno. An I t a l i a n  Dominican t r a in e d  in  th e  A ris to te lia n -T h o m is tic  t r a d i ­
t i o n ,  Bruno was among th o se  who found th e  accep ted  cosmology unaccep tab le  
and sought to  re p la c e  i t .  His p h ilo s o p h ic a l and th e o lo g ic a l  sp e c u la tio n s  
were such th a t  he was soon d isa g re e in g  w ith  Church, s t a t e ,  p h ilo sophers  
and th e o lo g ia n s . The p ro te c to r s  o f dogma condemned him as a  h e r e t ic ;  th e  
d e fen d ers  o f  th e  g e o c e n tr ic  u n iv e rse  considered  him a  f o o l ;  few , i f  any, 
o f  h is  c o n ten ç o ra rie s  understood  h is  w orld v is io n ,
The u n iv e rs e , as Bruno conceived i t ,  was i n f i n i t e  i n  tim e and space . 
Numberless w o rld s , peopled by innum erable m u lti tu d e s , moved e te r n a l ly  in  
an  unbounded re g io n . W ith in  t h i s  v a s t  cosmos, th e  h e l io c e n tr ic  system 
t h a t  C opernicus had d e sc rib e d  con tained  man’s g lo b e , th e  E a rth , a p la n e t 
n o t u n lik e  many in  th e  u n iv e rse  w ith  c re a tu re s  on ly  a c c id e n ta l ly  d i f f e r e n t
pD
from  th o se  else 'sd iere. The atom ic th e o ry  o f  Leucippus and Democritus as
b e in g s  would n o t have motor s o u ls ;  no r would the  elem ents have m otions, "
27D orothea Waley S in g e r, Giordano B ri^o , H is L ife  and R iought, W ith 
A nnotated  T ra n s la tio n  o f  His Work On th e  I i ^ i n i t e  U niverse and Worlds (New" 
York: Henry Schuman, 1950), p p , 3 -25 , 49 -50 , 133-180,
pp
A lexandre Koyre, From th e  Closed World to  th e  I n f i n i t e  U niverse
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p re se n te d  by L ucre tius i n  h is  De re ru n  n a tu ra  p ro v id ed  Bruno w ith  a  fo r e ­
ru n n er o f h is  mimina o r monaas from  which a l l  th in g s  were form ed, w hile  th e  
th eo ry  o f  N icolas o f Cusa gave him a re c e n t p re d e ce sso r f o r  th e  i n f i n i t e  
e x te n s io n  of the  l im i t s  o f  th e  u n i v e rs e , E very th ing  from  monads to  ce­
l e s t i a l  b o d ies  responded to  su rround ing  c o n d itio n s  acco rd in g  to  i t s  n a tu re . 
This re sp o n se , while b rough t abou t by f a c to r s  e x te r n a l  to  th e  o b je c t ,  came 
from  w ith in  and was governed by th e  so u l o f t h a t  body,^^ Thus, a l l  m otion 
in  Bruno’s world was d i r e c te d  by anima.
Bruno expressed h is  id e a  o f u n iv e r s a l  animism as  e a r ly  a s  1$82 in
h is  De umbris idearum»^^ The concept o f  a l iv in g  cosmos composed of an -
12im ated p a r ts  was only in c id e n ta l  in  t h i s  w o rk p  i t  was one o f th e  many
sp e c u la tio n s  mixed among th e  a id s  fo r  im proving one’s memory.
There a r e ,  in De Umbris. foreshadow ings o f h i s  p h ilo so p h ic  sy n cre tism ; 
b u t he has not y e t welded th e  conclusions o f  o th e rs  in to  a  v i t a l  whole 
o r made them l iv e  anew i n  h is  own com pleter th o u g h t; th e  work i s  te n ­
t a t i v e  and contains on ly  th e  germ o f th e  Bruno th a t  was p re s e n t ly  to  
ap p ea r. . . .33
Two y ears  l a t e r  w h ile  i n  London Bruno d e lin e a te d  h is  cosmology in
(B a ltim o re , Maryland; The Johns Hopkins P re s s ,  19^7), pp. 39-55 ; S in g e r, 
Giordano Bruno, p, 323.
^ % in g e r , G iordano Bruno, pp . 5 0 -5 l, 71-7U.
^° I b i d . ,  pp. 7U-79.
^^Giordano Bruno, lo rdanvs Brvnvs N olanvs de vm bris. idearvm . Im- 
p l ic a n t ib u s  artem, q u aeren d i, in v e n ie n d i, iu d ic a n d i ,  o rd in a n d i; & a p p l ic -  
a n d i; ad in teram  s c r ip tu ra m , & non v u lg a res  p e r  memoriam o p e ra tio n es  ex­
p l ic a te s  ( P a r i s i i s ;  Apud Aegidium Gorbinum, 1582), in  Giordano Bruno, J o r -  
d an i Bruno Nolani o p e ra  l a t i n e  c o n sc rip ta  p u b l ia is  su b p tib u s  é d i t a ,  e d ite d  
F. F io re n tin o  (3 v o ls ,  i n  8 p a r t s ;  N eapo li: Dorn Morano, 1879-1891), I I ,
P ars 1 , p p . 1-177.
^^ Ib id . ,  pp. 30 , U2-Uii, h i y 91-92.
^ ^ i l l i a m  B o u ltin g , G iordano Bruno, His l i f e .  Thought, and Martydrom 
(London: Kegan Paul, TrencK 71S5Bnër~ir"G o7~LE377~l9ÏEJr^ë7^I
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th r e e  works w r i t  t i n  in  I t a l i a n :  La cena de l a  c e n e r i ,^^  De la  cause,
p r in c ip io  e t  uno,^ ^  and De 1» i n f i n i t e  uni v e rso  e t  mondi.^ ^  A l l  th re e  
were pub lished  th e  same y e a r ;  a l l  d e a l t  w ith  th e  same s u b je c t and they 
" a re  perhaps th e  most im p o rtan t among a l l  B runo 's w r it in g s .
In  B runerian th o u g h t th e re  were two causes f o r  a l l  m otion, one
f i n i t e ,  one i n f i n i t e :
Dico duinque che n e l le  cose e da contem plare (se  c o ss i u o le te )  doi 
p r in c ip i i  a t t i u i  d i  moto; I 'u n o  f i n i t o ,  secondo la r a g g io n e  d e l  f i n i t e  
so g g e tto , e t  questo  muoue i n  ten ço : I ' a l t r o  i n f i n i t e ,  secondo la
raggione  d e ll*  anima d e l  mondo, ouero d e l l a  d i u i n i t a ,  che é  come anima 
de l 'an im a  l a  q u a le  e t u t t a  in  t u t t o ,  e t  lé. e s s e r l 'a n im a , t u t t a  in  
t u t t o ;  e t  questo  muoue in  i s ta n te .3 8
The i n f i n i t e  p r in c ip le  was th e  world s o u l, " i l  p r in c ip io  fo rm ale  c o n s t i­
t u t i v e  de 1 'u n iv e rse  e d i  c i à ,  che in  q u e llo  s i  c o n tie n e ," ^ ^  The prim ary 
f a c u l ty  of t h i s  w orld so u l was th e  u n iv e r s a l  i n t e l l e c t  which was "1* e f f ic ie n te
^^Giordano Bruno, La cena de le  c e n e r i .  D e s c r i t ta  in  c inque d ia -  
lo g h i  p e r  q u a ttro  i n t e r lo c u to r i  con t r e  c o n s id e ra z io n i c i r c a  d o i s u g g e t t i  
( London: J . Charlewood, ) i n  Giordano Bruno, Opere d i  G iordano
Bruno Nolano, o ra  p e r l a  prima v o lta  r a c c o l te  e p u b b lic a te  (È v o ls ;  L ip s ia :  
Weidmann, 1Ü30 ; ,  1 , pp . 113-È00.
^% iordano  Bruno, De l a  cause, p r in c ip io  e t  uno ( London; J .
Charlewood , l58li) in  Bruno, Opere, I ,  p p . 201-È92,
^^Giordano Bruno, Giordano Brvno N olano. De 1 ' i n f i n i t e  v n iu e rso  
e t  mondi (Stampato in  T e n e tia : [ i . e .  London: J ,  Charlewood^, l^ h ll) .
3?S inger, Giordano B runo, p . 93. C f. B o u ltin g , Giordano Bruno, pp . 
117-117.
^^Bruno, De I ' i n f i n i t o  u n iv e rs o e t  mondi. pp . 2li-25: "1 d e c la re  th a t  
th e re  a re  to  be observed ( i f  you w il l )  w ith in  th in g s  two a c t iv e  p r in c ip le s  of 
m otion: the  one f i n i t e  acco rd ing  to  th e  n a tu re  o f th e  f i n i t e  s u b je c t ,  and
t h i s  moveth w ith in  tim e; th e  o th e r  i n f i n i t e ,  accord ing  to  th e  n a tu re  o f th e  
s o u l  o f th e  world o r indeed  of D iv in ity  which i s  as  th e  s o u l of th e  so u l which 
i s  a l l  i n  a l l ,  and i t  c r e a te th  th e  s o u l, a l l  in  a l l ,  and t h i s  d o th  move in ­
s ta n ta n e o u s ly ."  E n g lish  t r a n s la t io n  from  S in g e r, G iordano Bruno, p . 26?.
^^Bruno, De l a  cause , p r in c ip io  e t  uno, Bruno, Opera, 1 , p . 2 i|2 t "the 
fo rm al c o n s t i tu t iv e  p r in c ip le  o f  th e  u n iv e rs e , and o f th a t  which i s  con tained  
i n  i t . "  E ng lish  t r a n s l a t i o n  from : Sidney G reenberg, Jhe I n f i n i t e  Giordano
Bruno. Tfith a  T ra n s la tio n  o f H is D ialogue Concerning th e  Cause, P r in c ip le  sinE 
One (New York: K in g 's  Crown P re s s , 1950^, p .  119.
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f i s i c o  u n i v e r s a l e , T h u s ,  th e  s o u l  was s im u ltan eo u sly  th e  fo rm al p r in ­
c ip le  and th e  e f f i c i e n t  cause o f th e  u n iv e rse . By th e  s o u l i t s e l f  th e  
world was form ed, i l lu m in a te d , f i l l e d  and v i t a l i z e d ;
L’anima dunque d e l  mondo è i l  p r in c ip io  form ale c o n s t i tu t iv e  de
1 ’u n iv e rse  e d i  c iè ,  che i n  q u e llo  s i  co n tie n s ; d ico  che, se  l a  v i t a
s i  tro v a  i n  t u t t e  le  co se , l ' anima viene ad e s s e r  form a d i  t u t t e  le  
cose ; q u e lla  p e r t u t t o  & p re s id e n ts  a  l a  m a te r ia , e s ig n o reg g ia  ne ̂
l i  com posti, e f f e t tu a  l a  coBÇosizione e c o n s is te n z ia  de l a  p a r t i ,  E
pero  l a  p e r s is te n z a  non meno p a r ,  che s i  convegna a c o ta l  form a, che 
a  l a  m a te r ia . Q uesta in te n te  e s se re  una d i  t u t t e  l e  cosa; l a  q u a l 
perà , secondo l a  d iv e r s i t a  de l e  d is p o s iz io n i  de l a t  m a te r ia , e s e c ­
ondo l a  f a c u l ta  de* p r in c ip j  m a te r ia l i  a t t i v i  e p a s s iv i ,  v ien e  a 
p rodur d iv e rse  f ig u r a z io n i ,  e t  e f f e t tu a r  d iv e rse  f a c u l t a d i ,  a  l e  
v o l te  m ostrando e f f e t to  d i  v i t a  sen sa  sen se , t a l  v o l ta  e f f e t t o  d i  
v i t a  e sense senza in t e l e c to ,  t a l  v o l ta  p a r ,  ch* a b b ia  t u t t e  l e  f a c -  
c u l ta d i  suppresse  e rep rim u te  o da 1* im b é c i l l i té ,  o da a l t r a  ra g io n e  
de l a  m a te r ia ,h i
The w orld i n t e l l e c t  a s  an e f f i c i e n t  cause of an i n f i n i t e  p r in c ip le  
im pressed an  i n f i n i t e  fo rc e  on bod ies and caused them to  move w ith  in s ta n ­
taneous m otion . Such a  m otion could n o t be d is tin g u is h e d  from  s t i l l n e s s ;  
in s ta n tan e o u s  m otion and s t i l l n e s s ,  f o r  Bruno, were one.^^ So th e  a c t io n  
of th e  w orld s o u l  as m otor fo rc e  was unperceived .
^^Bruno, De l a  cause , p r in c ip io  e t  uno, Bruno, Opera, I ,  p . 235: 
"The u n iv e r s e l  p h y s ic a l  e f f i c i e n t  cau se .
lid . ,  p .  2ii2; "The World s o u l th en , i s  th e  fo rm al c o n s t i tu t iv e  
p r in c ip le  o f th e  u n iv e rs e , and of t h a t  which i s  co n ta in ed  i n  i t .  I  de­
c la re  t h a t  i f  l i f e  i s  found i n  a l l  th in g s , th i s  so u l emerges as  th e  form  
of a l l  th in g s  th a t  which p re s id e s  over m a tte r , th rough  e v e ry th in g ; and 
which i s  m aster o f com posites, e f f e c t s  th e  com position and c o n sis te n cy  o f 
th e  p a r t s .  And, th e re fo re ,  p e r s is te n c e  belongs no le s s  to  such form  th an  
to  m a tte r .  This I  understand  to  be one in  a l l  th in g s , w hich, whoever, 
accord ing  to  th e  d iv e r s i ty  o f th e  d is p o s it io n s  o f m a tte r ,  and acco rd in g  
to  th e  power o f th e  m a te r ia l  p r in c ip le s ,  a c t iv e  and p a s s iv e , comes to  
produce d iv e rse  c o n f ig u ra tio n s , and to  e f f e c t  d i f f e r e n t  pow ers, sometimes 
showing th e  e f f e c t  o f  l i f e  w ith o u t sen se , sometimes th e  e f f e c t  o f l i f e  
and sen se  w ithou t i n t e l l e c t ,  and sometimes i t  appears t h a t  a l l  th e  powers 
a re  suppressed  and re p re sse d  e i t h e r  by weakness or by o th e r  co n d itio n s  o f 
m a tte r ."  E n g lish  t r a n s la t io n  from  G reenberg, The I n f i n i t e  in  Giordano 
Bruno, p .  119.
^ B ru n o , La cena de l e  c e n e r i ,  pp. 101-126; Be 1* i n f i n i t e  univ e r s e  
e t  mondi, pp. 22-27 .
^ ^ i d .
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In  o rd e r to  e x p la in  th e  r e l a t io n  betw een th e  world s o u l i n  i t s
d u a l r o le  as fo rm al p r in c ip le  and e f f i c i e n t  cause and th e  body o f th e
u n iv e rse  a s  th e  inform ed and a f fe c te d  m a tte r , Bruno used an analogy :
D ico, che q u esto  non è in co n v én ien ts , considerando , che l ’anima è n e l 
corpo , come nocch iero  ne l a  nave, i |  q u a l nocch ie rq , in  quanto v ie n  
mosso insigm e con l a  nave, I  p a r te  d i q u e l la ;  c o n s id e ra te , in  quanto  
che l a  governa e move, non s 'in te n d e  p a r t e ,  ma come d i s t i n to  e f f i c i ­
e n te .  Cosi 1» anima de 1 'u n iv e rse , in  quanto  che anima e t  in form a, 
v ien e  ad e s s e r  p a r te  in t r in s e c a e  form ale d i  q u e llo ; ma come che d r i -  , 
zza  e governa, non à  p a r te ,  non ha rag io n e  d i  p r in c ip io ,  ma d i  causa , ^
S in ce , however, th e  movements which re s u l te d  from  th e  a c t io n  o f th e  p r i ­
mary e f f i c i e n t  cause were in te r c e p t ib l e  to  man, w hile o th e r  movements not 
a f fe c te d  by th e  w orld so u l were o b serv ab le , o th e r  e f f i c i e n t  causes were 
needed. These were th e  f i n i t e  p r in c ip le s ,  th e  in d iv id u a l  a s t r a l  s o u ls .
A lthough Bruno d is tin g u ish e d  between th e  w orld so u ls  and th e  sou ls
b e lo n g in g  to  s p e c i f ic  b o d ie s , he denied a num erica l ran k in g  such a s  th e
Is la m ic  s c a le  o f In te l l ig e n c e s  fo r  th e se  s o u ls :
Quanto a  q u e llo  che socondariam ente d ic e u a te , V i d ico  che ueram ente 
é  un prim o e p ren c ip e  mot o re ; ma non ta lm e n te  prim o e t  p re n c ip e , che 
p e r  c e r ta  s c a la  p e r  i l  secondo, te rz o  e t  a l t r i ,  da q u e llo  s i  possa 
d iscen d e re  numerando a l  mezzanp e t  u ltim o , a t t e s o  che t a l i  m otori non 
sono, ne possono e s s e re ,  . ,
^^Bruno, De l a  cause , p r in c ip io  e t  uno, Bruno, Opera,  I ,  p , 238:
”I  say  t h a t  t h i s  i s  n o t u n su ita b le  c o n s id e rin g  t h a t  th e  so u l i s  w ith in  the  
body as th e  p i l o t  i s  w ith in  th e  s h ip : which p i l o t ,  in  so f a r  as he shares
th e  m otion o f  th e  s h ip , i s  p a r t  of t h a t ;  co n sid e red  in  so f a r  as  he governs 
and moves i t ,  he i s  understood no t a s  a  p a r t  b u t as a d i s t i n c t  e f f i c i e n t  
cau se . J u s t  so th e  s o u l  o f  th e  u n iv e rs e , in  so f ? r  as i t  an im ates and in ­
fo rm s, i s  an i n t r i n s i c  and form al p a r t  of t h a t  u n iv e rse  ; b u t in  so f a r  
a s  i t  d i r e c t s  and governs, i t  i s  no t a p a r t :  i t  has n o t th e  ro le  o f  a  
p r in c ip le ,  b u t o f a  c au se ."  E ng lish  t r a n s la t io n  from G reenberg, The In ­
f i n i t e  in  Giordano Bruno,  p . l l l i ,
^ ^ r u n o .  De I ' i n f i n i t o  u n iv erse  e t  mondi, p. l5 5 ; "As f o r  you sec­
ond argum ent, I  d e c la re  to  you th a t  th e re  i s  in  t r u t h  one prim e and p r in ­
c ip a l  m otive power, b u t no t prime and p r in c ip a l  i n  th e  sense t h a t  th e re  is  
a  second, a  t h i r d  and o th e r motive powers descend ing  down a  c e r ta in  sc a le  
t o  th e  midmost and l a s t ,  s in ce  such m otive powers n e i th e r  do nor can e x i s t , "  
E n g lish  t r a n s l a t i o n  from  S in g e r, Giordano Bruno, p, 36U,
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Such m otive powers cou ld  n o t e x is t  because th e  number of w orlds was in ­
f i n i t e .  Each o f th e  i n f i n i t e  w orlds had i t s  own so u l which was i t  own 
m otive power:
perche  doue e numéro i n f i n i t o ,  i u i  non e grado, ne o rd in e  num érale, 
benche s i a  grado e t  o rd in e  secondo l a  ragg ione  e t  d ig n i ta  o de d iu -  
e rs e  sp a ç ie  e t  g e n i, 6 de d iu e rs e  g ra d i in  medesimo geno e t  medesima 
s p e c ie .
Bruno had l i t t l e  to  say about th e s e  in d iv id u a l  s o u ls . The a s t r a l  
anima u n q u estio n ab ly  possessed  a  "m aggior, e t  p iu  e c c e l le n te  ragg ione"^^ 
th a n  o rd in a ry  t e r r e s t r i a l  an im als; th e y  were "non so lo  s e n s i t iv e ,  . . .  
ma anco i n t e l l e t t i u e ;  non so lo  i n t e l l e t t i u a ,  come l a  n o s tra ,  ma fo r s e  anco 
p iu . Each c o n tro l le d  th e  motions o f  i t s  globe and each m otion was d i f ­
f e r e n t  from  a l l  o th e r s .  This was t r u e  even among th e  s o -c a l le d  f ix e d  s t a r s :
M oti p r o p r i i  d i  c iascuno son quei che s i  ueggono o l t r e  questo  moto 
d e t to  mondano, e t  p r o p r i i  de l e  chiam te f i s s e  (de q u a l i  I ’uno e t  
I ' a l t r o  s i  denno r e f e r i r e  a l i a  t e r r a )  e t  c o ta i  m oti sono d i  p iu  che 
d i  ta n te  d i f f e r e n z e ,  che q u a n ti son c o rp i;  d i  s o r te  che mai s i  uedranno 
d o i a s t r i  conuen ire  i n  uno e t  medesimo o rd in e  e t  raisura d i  moto, se  
s i  u ed r^  moto i n  q u e l l i  t u t t i ;  q u a l i  non mostrano u a r ia t io n e  a lchuna 
p e r  l a  g ran  d is ta n z a  che hanno da n o i.^ °
^^Bruno, De 1»i n f i n i t o  u n iv e rse  e t  mondi, p . 155: "For where th e re
i s  i n f i n i t e  number, th e re  can be n e i th e r  rank  n o r n um erica l o rd e r , a lth o u g h  
th e r e  i s  rank  and o rd e r acco rd ing  to  th e  n a tu re  and w orth e i th e r  o f d iv e rse  
sp e c ie s  and k in d s , o r o f  d iv e rse  g rades o f  th e  same k ind  and s p e c ie s ."  
E n g lish  t r a n s l a t i o n  from  S in g e r, Giordano Bruno, p . 3Gh*
^ ^ r u n o .  De I ' i n f i n i t o  u n iv e rso e t  mondi, p . 88: " g re a te r  and more
e x c e lle n t  m ind." E n g lish  t r a n s la t io n  from  S in g e r, Giordano Bruno,  p . 3 lS .
^"^Bruno, La cena de le  c e n e r i ,  p . 70: "no t o n ly  s e n s i t iv e  , . . b u t
even i n t e l l i g e n t ;  n o t only i n t e l l i g e n t ,  a s  we a r e ,  b u t perhaps even m ore,"
^^Bruno, De I ' i n f i n i t o  u n iv e rse  e t  mondi, p . 70; "The p ro p e r m otions 
o f  each o f th e s e  o f t h e i r  ap p aren t m otions which a re  n o t due to  our so - 
c a l le d  w orld motion^ and th e  p roper m otions o f th e  b o d ies  known as  f ix e d  
s t a r s  (though b o th  t h e i r  ap p aren t f i x i t y  and th e  w orld m otion should be 
r e f e r r e d  to  our e a r th )  a re  more d iv e rs e  and more numerous th a n  th e  c e l e s t i a l  
bod ies th em selv es . For i f  we could observe th e  m otion of each one o f them, 
we should  f in d  t h a t  no two s t a r s  ev er h o ld  th e  same course  a t  th e  same speed; 
i t  i s  b u t t h e i r  g re a t  d is ta n c e  from  us which p rev en th  us from d e te c tin g  th e  
v a r ia t io n s ."  E n g lish  t r a n s la t io n  from  S in g e r, Giordano Bruno, pp. 303-30h.
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The d e t a i l s  o f th e se  v a r ia t io n s  were not d isc u sse d  i n  Bruno’s w r i t in g s .
The g e n e ra l  sta tem en ts  he made abou t th e  E a rth ly  s o u l a ls o  a p p lie d  t o  th e  
rem aini n g a s t r a l  s o u ls .  A l l  of th e se  im pelled  t h e i r  a s t r a l  b o d ies  i n  a 
manner s im ila r  to  th a t  o f th e  E a rth ly  so u l.
Vlhatever the  so u ls  d id  was o f some b e n e f i t  to  th e  bodies which 
they  c o n tro l le d . Thus, as th e  Earth'* s s o u l  tu rn ed  th e  E a rth  so t h a t  v a r­
ious p a r t s  o f th e  globe would re c e iv e  th e  n ecessa ry  l i g h t  and h e a t from  
th e  Sun, so d id  o th e r in d w e llin g  so u ls  p ro v id e  f o r  t h e i r  b o d ie s . By t h i s  
means th e  r o ta t io n a l  and o r b i t a l  movements were r e g u la te d  accord ing  to  th e  
body’ s d is ta n c e  from th e  Sun:
V oleuate  dumque ch^ que c o rp i benche fu s se ro  ta n to  d i s c o s t i  d a l  s o le ,  
possono per& p a r t i c ip e r  ta n to  c a lo r  che b a s te :  pe rch e  u o lta n d o s i p iu
uelocem ente c irc a  i l  p ro p r io  c e n tro , e t  p iu  t a r d i  c i r c a  i l  s o le ;  pos­
sono non solam ente p a r t i c ip e r  a l t r e  ta n to  c a lo re , me anchor d i  u a n ta g -  
g io  se  b iso g n asse ; a t t e s o  che p e r  i l  moto p iu  ueloce c irc a  i l  p ro p r io  
c e n tro , l a  medesima p a r te  d e l  conuesso de la  t e r r a  che non fu  ta n to  
s c a ld a ta ,  p iu  p re s to  t o r n !  r i s t o r a r s i ;  p e r 11 moto p iu  ta rd o  c i r c a  
i l  mezzo focoso , e t  s t a r  p iu  sa ld o  a l l ’ in g re s s io n  d i  q u e llo : uegna
a r ic e u e re  p iu  u ig o ro s i  g l i  f iam m ife ri ra g g i .^ ^
Bruno made no a t t e n ^ t  to  jo in  h is  th e o ry  to  q u a n t i ta t in e  d a ta ;  he 
gave no speeds, ang les o f in c l in a t io n  o r d is ta n c e s  f o r  th e  p la n e ta ry  b o d ie s . 
His method was e n t i r e ly  a q u a l i t a t iv e  d e s c r ip t iv e  one f o r  h is  was a u n iv e rse  
w ith o u t sp e c ia liz e d  re g io n s  o r fo rm alized  laws of m otion.
^^Bruno, De I ’ i n f i n i t o  un i verso  e mondi, p .  7U: ’’You m a in ta in  th e n
th a t  though so d is ta n t  from  th e  sun , th e se  bodies can d e riv e  th e re fro m  a l l  
th e  h e a t th a t  th ey  need . B ecause, sp inn ing  a t  a g r e a te r  r a te  around t h e i r  
own c e n tre  and rev o lv in g  more slow ly around th e  su n , th e y  can d e riv e  n o t 
only a s  much h e a t bu t more s t i l l  i f  i t  were needed; s in c e  by th e  more ra p id  
sp in  around her own c e n tr e ,  such  p a r t  o f th e  convex ity  o f  th e  e a r th  a s  h a th  
no t been s u f f i c i e n t ly  h ea ted  i s  th e  more q u ick ly  tu rn e d  to  a p o s i t io n  to  
re c e iv e  h e a t;  w hile  from  th e  slow er p ro g re ss  around th e  f i e r y  c e n t r a l  body, 
she s ta y e th  to  re c e iv e  more f irm ly  th e  im p ressio n  th e re fro m , and th u s  she 
w i l l  re c e iv e  f i e r c e r  flamming ra y s ."  E ng lish  t r a n s l a t i o n  from S in g e r, Gio­
rdano Bruno, p . 305.
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Bruno l a t e r  r e s ta te d  h is  cosm olog ica l th e o r ie s  in  o th e r w r it in g s , 
b u t he in tro d u ced  no g re a t changes in to  h is  system . In th e s e  l a t e r  w r i t ­
in g s  he in c lu d ed  more a s tro n o m ica l d e t a i l s ,  re-em phasized th e  a c tu a l i ty  
and n e c e s s ity  of an i n f i n i t e  u n iv e rse  and sought to  make a c lo s e r  asso ­
c ia t io n  and a  f i n e r  d i s t in c t io n  betw een th e  w o rld -so u l and a l l  o th e r v i t a l  
p r in c ip le s ;  y e t  he never assumed t h a t  th e  c e l e s t i a l  motors were o r could 
be any th ing  b u t s o u ls .
The u n iv e rse  was i n f i n i t e ;  i t  was a ls o  l iv in g  and composed of l i v ­
in g  p a r t s .  A l iv in g  being re q u ire d  an  anim ated form  anc^ th e re fo re ,  th e  
u n iv erse  and every p a r t  o f i t  had a  s o u l .  Bruno may have been u n c e r ta in  
i n  h is  own mind about some a sp e c ts  o f th e  i n f i n i t e  u n iv e rse ; he was c e r ta in  
t h a t  a l l  movement th e r e in ,  c e l e s t i a l  and t e r r e s t r i a l ,  was c o n tro lle d  by 
s o u l s . ’
The second m ajor proponent o f th e  a s t r a l  so u ls  was Francesco 
P a t r i z i ,  a  th in k e r  who r e je c te d  th e  p e r ip a t e t i c  p h ilo s o p h ic a l system  and 
s o u ^ t  to  re p la c e  i t  w ith  P la ton ism . 'While P a t r i z i  did n o t go to  th e
^^Giordano Bruno, L ib r i  physicorvm  A r i s t o t e l i s  e% planati (T fitten - 
b e rg : 1^8?) in  Bruno, Opera, I I I ,  pp . 259-393; lo rd a n i B rv n iH o la n i c a -
m oeracensis a c ro tism v s , seu  r a t io n e s  a r tic v lo rv m  physicorum aduersus p e r i -  
p a t  e t ic o s  P a r i s i j s  p roposito rum , e tc .  ( V itebergae  : Apud Za char iam C ra-
tonem. 1588 >; De rervm  p r d n c ip i is .  e lem en tis  e t  cav s is  (jjHelm stedt : 159^3 )
in  Bruno, Opera, I I I ,  pp. 5^7-567; Jo rd an i B run i M o^ni de  t r i p l i c i  minimo 
e t  mensvra ad ¥rivm  sp ecv la tiu a ru m  sc ie n tia ru m  & multatum actiuarum  a rtiu m  
p r in c ip ia ,  l i b r i  v  (F ra n c o fv r ti ;  Apud loannem Wechelum & Petrum Fischerum  
co n so rte s , 1591); lo rd a n i  B rvni N olani de monade nvmero e t  f ig u r a  l i b e r  con- 
sequens quinque de minimo magno & m ensura. Item  de in n v m erab ilib v s , immense, 
& in f ig u ra b i 1T ; seu  de v n iu e rso  & mundis 3d.bri oc to  (F ra n c o fv r ti: Apud lo a n ,
vvecheium & Petrvm Fischerum  c o n so r te s , 1 5 9 i) .
F r i t h ,  L ife  of Giordano Brimo, th e  N olan, re v . M oriz C a r r iè re  
(London: Trùbner & C o., 188?), p p . ^3^-^37; émile"lfemer, Giordano Bruno
cause , p r in c ip e  e t  u n i te .  T raduc tion  accompagnée de notes e t  d ’an a ly ses  
e t  précédée d ’un é tude  su r  l a  p h ilo so p h ie  de Bruno (P a r is :  L ib ra i r ie  F e lix
A lcan, 1930}, pp. lh -1 9 ; S in g e r, Giordano Bruno,  pp . Ilt9 -l5 7 ; B o u ltin g , Gio­
rdano Bruno, pp. 227-22h.
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extrem e P e te r  Ramus (1^15-1572) had— "Quaecumque ab A r is to te le  d ic ta
dp
e s s e n t ,  commenticia esse'*-^ —th e r e  was l i t t l e  i n  th e  S t a g i r i t e 's  w r i t -
do
in g s  w ith  which P a t r i z i  could a g re e ,
The fo u r  p re v io u s ly  accep ted  t e r r e s t r i a l  elem ents w ith  o r  w ithou t 
th e  c e l e s t i a l  one were no t th e  b a s ic  su b stan ces  of th e  w orld : a cco rd in g
to  P a t r i z i ,  God had made th e  u n iv e rse  from  spacium , lumen, c a lo r ,  and 
f l u o r . The f i r s t  th r e e  were in c o rp o re a l e lem en ts; th e  l a s t  was a  m ate­
r i a l  su b stan ce . E i th e r  lumen f i l l e d  a l l  spacium  i t s e l f  o r  i t  was accom­
pan ied  by and jo in e d  w ith  c a lo r ;  th e  two th e n  acted  upon f lu o r ,  P a t r i z i ’s 
prim e m a tte r , to  produce m a te r ia l  b o d i e s , T h a t  p a r t  o f  th e  u n iv e rse  so 
formed re ta in e d  th e  g e o c e n tr ic i ty  and th e  s p h e r ic i ty  o f  th e  P la n to n ic  
w orld jbu t th e  whole lacked  th e  l e t t e r ’s f in i t e n e s s :  I n f i n i t e  space
surrounded P a t r i z i ’s c o rp o re a l w o rld ,^^  
dp
George S a rto n , S ix  Wings: Men o f  Science in  th e  R enaissance
Bloomington, In d ia n a : In d ian a  U n iv e rs ity  P re s s , 1957), p p , 3 9 -^ 2 , "A ll
th e  th in g s  t h a t  A r i s to t le  s a id  a re  wrong" was th e  th e s i s  Ramus defended 
a t  h is  p u b lic  exam ination  in  1^3 6 , 
do
Benjamin Brickman, An In tro d u c tio n  to  Francesco P a t r i z i ’s Nova 
de u n iv ers  i s  p h ilo s  oph ia  (Wew T o rk : n ,p , ,  19^11), PP* 1U> 20, A ccording
to  Brickman " I t  i s  when th e  l a t t e r  f A r i s to t le J  broke w ith  h is  te a c h e r ,  
says P a t r i z i ,  and launched out on h i s  own th a t  he began to  f a l l  in to  e r ­
r o r , "  Ib id , ,  p .  20,
^^Francesco P a t r i z i ,  F r a n c is c i  P a t r i c i i  nova de •m iv e rs is  p h ilo s o -  
p h ia  i n  qva A r i s to te l i c a  methodo non p e r motum, sed p e r lucem , & lumina% ad 
primam causam a s c e n d itu r ,  Deinde p ro p r ia  P a t r i c i i  methodo; t o t a  in  contem- 
p la tionem  v e n it  D iv in i ta s : Postremo methodo P la to n ic a , ren im  v n iu e r s i ta s ,
a co n d ito re  Deo d e d u c itu r  ( F e r r a r ia e ;  Apud Benedicium Mammarellum, 1591), 
"Pancosm ia," pp , 61 re c to -7 9  v e rso . W’® Nova p h ilo s  ophia  c o n s is ts  o f fo u r 
main d iv is io n s  : "P an arg ia , " "Panarcdiia, " "Pampsychia, " and "Pancosm ia,"
S ince th e  p a g in a tio n  i s  n o t con tinuous th r o u ^ o u t  th e  e n t i r e  work, th e  name 
o f th e  d iv is io n  has been in c lu d ed  i n  th e  re fe re n c e ,
^^I b id . , pp, 6 l  r e c to -62 v e rso . An E n g lish  t r a n s l a t i o n  o f  t h i s  sec ­
t io n  o f th e  Nova P h ilo s  ophia i s  a v a i la b le .  See: Francesco P a t r i z i ,  "On
P h y s ic a l S pace ,"  t r a n s ,  Benjamin Brickman, Jo u rn a l of th e  H is to ry  o f Id e a s , 
IF  (19U3), p p . 22h-2h$.
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C o -e x is te n t w ith  th e  m a te r ia l  w orld were th e  im m ate ria l b e in g s . 
P a t r i z i  in tro d u ced  h is  own la d d e r  o f c re a t io n  which extended from  th e  in ­
c o rp o re a l c re a tu re s  to  th e  c o rp o re a l ones and allow ed f o r  e x ten s io n  w ith in  
each d iv is io n .  The s c a le  in c lu d ed  n in e  grades;
Gradus h i  nouem, su n t prim us rerum  atque  en tium  ordo , in  profundum, 
a  summo ad iraum d u c tu s . E st a l iu s  ordo i n  la ti tu d in e m  a c tu s ,  i n  s in -  
gu lo  quoque g radu . In  primo nimirum productorum  gradu , e s t  v n ita s  
p r im a r ia , & ab e a , & i n  ea  v n i ta te s  omnes, eam o rd in e  conséquentes, 
nouem & ip s a e ,  v t  haec r a t i o  d i c t â t ,  i n  la t i tu d in e m  g rad ibus d i s t i n -  
c ta e .  i t a  r t  p rim ariae  v n i t a t i ,  proxima E ssen tiarum  s i t  v n i ta s ,  s e -  
q u a tu r  v n ita s  V itarum . t e r t i o  s i t  lo co , Mentium v n i ta s .  q u a rto  A ni- 
marum, q u in to  Naturarum  v n i ta s ,  sex to  v n ita s  Q u alita tum ; septim o F o r- 
marum. postrem a s i t  omnium v n ita s  Corporum. I t a  f i t ,  v t  quot su n t i n  
v n iu e r s i t a te  p o s t p rin c ip iu m  rerum  gradus i n  profundum, to tid em  s in t  
e tia m  g rad u s, earum l a t i t u d i n i s . ^ °
God th e  u n c rea ted , in c o rp o re a l b e in g , was th e  f i n a l  cause of a l l  
c re a te d  b e in g s  w h ile  th e  h ig h e r  forms were th e  e f f i c i e n t  causes o f th e  low­
e r  ones. Thus, i n  P a t r i z i ' s  system  u n ita s  produced th e  prim ary  E ssen tia  
which i n  tu rn  produced a l l  o th e r  essences and th e  p rim ary  v itam . The p r i ­
mary v i t a  g en era ted  a l l  o th e r  l iv e s  and th e  p rim ary  mens; th e  prim ary mens 
a l l  o th e r  minds and th e  p rim ary  anima,  and so on.^^ Each grade formed a 
l in k  betw een th e  l e v e l  above and th a t  below i t ,  and each serv ed  some spe­
c i a l  fu n c tio n  in  th e  o v e ra l l  p a t te r n .
^ ^ P a t r iz i ,  Nova p h i lo s oph ia , "P a n a rc h ia ,” p . 2h r e c to ;  "These n in e  
le v e l s  a re  th e  f i r s t  o f th in g s  and th e  o rder o f b e ings le ad in g  i n  e x te n t 
from  th e  h ig h e s t to  th e  lo w e s t. A nother o rd e r i s  i n  th e  l a t i t u d e  o f  a c t ,  
a ls o  i n  every  l e v e l .  In  th e  f i r s t  le v e l  o f p re fe ra b le  th in g s , c e r ta in ly ,  
i s  th e  prim ary  u n i ty ,  and from  i t ,  and in  i t  a l l  u n i t i e s ,  i n  o rder fo llo w in g  
i t ,  n in e  w ith  i t s e l f ,  a s  t h i s  reaso n  d i c t a t e s ,  in  l a t i t u d e  by grades of d i s ­
t i n c t i o n .  Thus a s  from  th e  prim ary  u n ity  i s  th e  n e x t u n ity  o f E ssences, th e  
u n i ty  o f  l iv e s  fo llo w s . I n  th e  t h i r d  p la c e  i s  th e  u n i ty  o f  m inds. In  th e  
f o u r th  t h a t  o f  s o u ls .  In  th e  f i f t h  th e  u n ity  o f n a tu re s ,  i n  th e  s ix th  th e  
u n ity  o f  q u a l i t i e s ;  i n  th e  sev en th  th a t  o f fo rm s. L a s tly  i s  th e  u n ity  of 
a l l  b o d ie s . Thus i t  i s  t h a t  as  th e re  a re  degrees o f  th in g s  i n  dep th  a f t e r  
th e  p r in c ip le s  i n  th e  u n iv e rs e , so th e re  i s  th e  same even in  t h e i r  degrees 
o f  l a t i t u d e . "
^"^Ib id ., pp . 22 v e rso -27  v e rso .
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The anima, how ever, were more th an  ju s t  th e  connec ting  l in k  between 
mens and n a tu ra . They were a ls o  th e  b e in g s  which in  a  s p e c ia l  manner serv ­
ed as th e  b rid g e  betw een th e  n o n -m a te ria l and th e  m a te r ia l  w orld s, U n ita s , 
e s s e n t ia ,  v i t a  and mens were in c o rp o re a l b e i n g s n a t u r a , q u a l i t a s , forma 
and corpus were c o rp o re a lj^ ^  anima was th e  in c o rp o re a l-c o rp o re a l .^ ^
P a t r i z i  recogn ized  two types o f s o u ls :  th e  (fem in ine) anima or hu­
man so u l, and th e  (m ascu line) anim us, a l l  o th e r s o u ls .  The human s o u l as 
a  s p e c ia l  c ase , a  b e in g  d i r e c t ly  c re a te d  by God, was to  be th e  s u b je c t of 
an o th er w o r k , a  work which P a t r i z i  a p p a re n tly  never w r o t e . A l t h o u ^  in  
th e  Nova p h ilo so p h ie  he d e a l t  on ly  w ith  th e  anim us, P a t r i z i  sometimes used 
th e  term  anima to  r e f e r  to  th e  in c o rp o re a l-c o rp o re a l b e ings c o l le c t iv e ly ;  
a t  o th e r tim es he co n sid e red  only th e  animus as th e  c la s s  o f beings which 
occupied th e  m iddle p o s i t io n  between th e  in c o rp o re a ls  and c o rp o re a ls :
Supra animum q u a tu o r e sse  demonsttauim us abunde, In te l le c tu m , v itam , 
essen tiam , v n ita te m . Sub eo to tid em  su n t. N a tu ra , Q u a li ta s ,  Forma, 
corpus . 63
From t h i s  c e n tr a l  p o s i t io n  th e  anima a c te d  as  in te rm e d ia ry  between th e  high­
e r  and low er o rders and governed, d i r e c t ly  or i n d i r e c t ly ,  th e  m otions o f a l l
^^Ib id . , " P a n a rc h ia ," pp. 2^ r e c to - 28 v e rso , 31 r e c to -33 r e c to .
^^ Ib id . , pp. h i  r e c to - h8 r e c to . In  P a t r i z i ’s system  n a tu ra , q u a l i ­
t a s  and form  were n o t sim ple  co rp o rea ls  b u t c o rp o re a l- in c o rp o re a ls . Corpus 
was th e  only com pletely  c o rp o re a l b e in g ,
^ I b i d . ,  "Pam psychia," pp . 5I  r e c to -32 r e c to .
^•h ib id . , p . ii9 r e c to : "Quas ad humanae n o s tra e  p h ilo so p h ie  i n i t i a
d if fe r im u s ."
62Brickman, An In tro d u c tio n , p .  UO.
^ ^ P a t r iz i ,  Nova p h ilo so p h ia ,  "Pam psychia," p . h9 v e rs b : "Above th e
animus we have c le a r ly  dem onstrated  th a t  th e re  a re  fo u r , I n t e l l e c t ,  L ife , 
Essence, U n ity . Below i t  th e re  a re  j u s t  a s  many. N a tu re , Q u a lity , Form, 
Body."
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b o d ie s :
Principium  ergo motus c o rp o re i om nis, anima e s t  p ro c u l d u b io . Ab 
a l io  ergo co rp o ra  mouentur omnia. Anima vero  non ab a l i o ,  sed  mouetur 
a  se ip sa .'^ ^
The prim ary  re a so n  which P a t r i z i  gave f o r  p u t t in g  anima i n  charge
of m otion was t h a t  o f n e c e s s i ty . S ince  beings were e i th e r  i n  m otion or
no t in  m otion, and s in c e  o f th e  be ings i n  motion some moved by them selves
w h ile  some were moved by a n o th e r , a l l  beings belonged  to  one of th re e
c la s s e s :  "alim obilium , se  mouentium, & immobilium.^^ An "a lim o b ile "  had
to  be moved e i th e r  by an "a lim o b ile "  o r  by a " se  movente. " Of th e  "se
movens" which moved a n o th e r body
necesse e rgo  e s t ,  hoc mouens s u i  n a tu ra  ex tra  corpus e sse ; & p e r se 
e s s e , & X se  s t a r e .  E t in  se  ip so  su b sta re : E t se  mouere prim o;
a l i a  mouere secundo. Hunc motum raotorem, nos cum P la t  one, & P la to n -  
i c i s ,  incassum  P e rip a to  ré c lam an te , Animas vocam us.°°
As a "motor o f m otion" s e v e ra l  p ro p e r tie s  were n ecessa ry  f o r  an 
anima. In  o rd e r to  co n tin u e  th e  ch a in  o f be ing  unbroken from  th e  in c o r ­
p o re a l to  th e  c o rp o re a l w orld , i t  had to  be
non co rp o rea , non inco i-porea . sed  vtrumque & in c o rp o re a , & co rp o rea , 
i t a  v t media quaedam s i t  i n t e r  v tram que. In co rp o re  o suo , ab in c o r ­
porea pendens, Corporeo uero  ad corpus v e r g e n s . ° 7
^^ Ib id . , "P an arch ia ,"  p . 1 verso  : "Therefore th e  p r in c ip le  o f a l l
c o rp o rea l m otion i s  w ith o u t doubt th e  anim a. A ll  b o d ie s , th e re fo re ,  a re  
moved by a n o th e r . The anima t r u l y  n o t  by another b u t a  s e  i t s e l f  i s  moved."
^ Ib id . ,  p . 1 r e c to .
^^ Ib id . , p . 1 v e rs o ; " I t  i s  necessa ry , th e re fo re ,  t h a t  t h i s  moving 
be by  i t s  n a tu re  o u ts id e  th e  body, and to  e x is t  p e r s e ,  and to  s ta n d  ex s e . 
And to  s u b s is t  i n  s e . And to  move i t s e l f  f i r s t ;  t o  move an o th er seco n d ly . . 
"We, w ith  P la to  and th e  P la to n i s t s ,  c ry in g  out in c e s s a n t ly  to  th e  P e rip a ­
t e t i c ,  c a l l  t h i s  motor o f  m otions anim as."
I b id . , "Pam sychia," p . $1 v e r s o : "not c o rp o re a l, n o t in c o rp o re a l
b u t bo th  in c o rp o re a l and c o rp o re a l . Thus i t  i s  a c e r ta in  mean betw een th e  
tw o. As an in c o rp o re a l coming from  th e  in c o rp o re a l. As a  c o rp o re a l ten d in g  
tow ard th e  m a te r ia l ."
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The anima was n o t ,  however, to  be a sim ple mean betw een th e  two. The 
p ro p e r t ie s  o f th e  two extrem e groups were to  be "mist a ,  & non m ista , tem-
p e ra ta ,  & non te m p e ra ta , com posite, & non c o m p o s i t e . P a t r i z i  did not
e x p la in  j u s t  how t h i s  was to  occur o r th e  manner in  which th e  un like  pro­
p e r t i e s  were t o  e x i s t  s id e -b y -s id e  in  th e  same body; b u t he s tre s s e d  th a t :
necesse  ergo  e s t ,  q u ia  in co rp o rea  s i t ,  incorporeorum  p ro p r ie ta te s  te n e -  
a t .  Non s in p l ic is s im a s  i l l a s ,  quales i n  ue re  in c o rp o ra is  su n t, sed  
gradu in f e r io r e ." ^
The in c o rp o re a l c h a r a c te r i s t i c s  re ta in e d  by th e  anima w ere: n o n -m a te ria l­
i t y ,  i n d i v i s i b i l i t y ,  u n a l t e r a b i l i t y ,  in c a p a c ity  of p a s s io n , unchangeable- 
70n e ss , im m o rta lity ; a t  th e  same tim e , s in ce  th e y  were i n  some re sp e c ts  
c o rp o re a l, th e  anima moved ih  tim e and could be jo in e d  to  w holly co rp o rea l 
b o d ie s .
Along w ith  i t s  in c o rp o re a l-c o rp o re a l  n a tu re  two a t t r i b u t e s  of th e  
animus'^^ seemed of p a r t i c u l a r  im portance to  P a t r i z i .^ ^  The f i r s t  was the 
p l u r a l i t y  o f  th e  animus and th e  u n ity  o f  t h i s  p l u r a l i t y  in  a  g re a te r  animus. 
This c h a r a c t e r i s t i c  p e rm itte d  P a t r i z i  to  have d i f f e r e n t  so u ls  jo ined  to  th e
^ Ib id . , p . 5 l  v è rso .
^^Tbid. ,  p . 51 v e rso  : " I t  i s  n e ce ssa ry , th e re fo re ,  because i t  is  in -
c o rp o re a l th a t  i t  r e t a i n  th e  p ro p e r t ie s  o f th e  in c o rp o re a l .  Not most sim ply, 
as  th ey  a re  in  th e  t r u e  in c o rp o re a l ,  b u t i n  an i n f e r i o r  d e g re e ."
"^°Ibid.
" ^ ^ i d . ,  p . 52 r e c to .
72A ll o f  th e  c h a r a c te r i s t i c s  of th e  in c o rp o re a l-c o rp o re a l beings 
m entioned th u s  f a r  were common to  bo th  anima and anim us.  Uiose fo llow ing  
a re  p e c u lia r  t o  th e  anim us.
^^Of th e  f iv e  books i n  th e  "Pampsychia" one i s  on th e  u n ity  and d iv ­
e r s i t y  o f th e  anim a, "Qvotvplex s i t  anim us," and an o th e r i s  "De anim is i r -  
r a t io n a l ib u s ,"  which d e n ie s  th e  e x is te n c e  o f i r r a t i o n a l  s o u ls .
9li
v a rio u s  bod ies i n  th e  m a te r ia l  w orld and a t  th e  same tim e to  have them
dom inated by th e  mundi anim us;
respondebim us cum Hermete, cum r a t io n s ,  vn ius mundi, vnum esse  animum. 
P a r te s  quoque e iu s  p r in c ip e s  p ro p r io s  s i b i  habere  animos a ff im a re  non 
dub itab im us. . .
The o th e r p ro p e rty  to  which P a t r i z i  gave h is  s p e c ia l  c o n s id e ra tio n
was th e  r a t i o n a l i t y  o f  th e  anim us.
Nobis uero d i s t i n c t i o  haec anim i r a t i o n a l i s ,  & i r r a t i o n a l i s  minime 
p ro b a tu r . Nullum enim animum s u i  n a tu ra  i r r a t io n a le m  esse  e x i s t i -  
raamus. Neque enim rerum  ordo a  nob is  c o n s t i tu tu s ,  earn a d m itte re  
u id e tu r  p o sse . Quia nimirum omnem animum ab i n t e l l e c t u  e sse  e s t  iam 
dem onstratum , A mento ergo p ro d u c tr ic e , quo modo r e s  amens p ro rsu s , 
s in e  medio p re sen tim  p ro u e n ire  p o t e s t ? ' '
However, s in ce  th e  animus was produced by th e  mens or i n t e l l e c t  u s , i t  nec­
e s s a r i l y  re c e iv e d  th e  c h a r a c te r i s t i c s  o f th e  in c o rp o re a ls  b u t possessed  
them only  i n  an i n f e r io r  manner. Thus, th e  animus could n o t be i n t e l l i -  
g e n tis  in  th e  com plete sense of th e  te rm , only i n  some p a r t i a l  meaning.
I t  was r a t io n a le s  b u t no t ra c io n a t io n e s . To P a t r i z i  t h i s  meant t h a t  th e  
animus could have knowledge o f a  th in g  b u t they  could n o t r e f l e c t  upon 
t h i s  knowledge,
Although he devoted th e  t h i r d  o f th e  fo u r main d iv is io n s  o f th e  Nova
"^^P atriz i, Nova p h i lo s oph ia ,  "Pam psychia," p .  ^6 r e c to ; "We answer 
w ith  Hermes, w ith  re a so n , t h a t  o i  one world th e re  i s  one s o u l .  Also we 
w i n  n o t h e s i t a te  to  a f f irm  t h a t  i t s  p r in c ip a l  p a r t s  have so u ls  p ro p e r to  
th em selv es ,
“̂^ Ib id , ,  p ,  57 r e c to : "T ruly  t h i s  d i s t in c t io n  o f th e  r a t i o n a l  and
i r r a t i o n a l  so u ls  seems le s s  p robab le  to  u s . For we th in k  th a t  no s o u l i s  
by i t s  n a tu re  i r r a t i o n a l .  And in  th e  o rder o f th in g s  c o n s t i tu te d  by us 
even , i t  i s  seen  th a t  i t  can n o t be ad m itted . Because c e r ta in ly  i t  has a l ­
read y  been dem onstrated  t h a t  every s o u l  i s  from th e  i n t e l l e c t .  Therefore 
produced by th e  mind, how can i t  ap pear a  s tra ig h t- fo rw a rd  se n se le s s  th in g  
w ith o u t a medium e sp e c ia lly ? "
"^^Ibid ,, p , 57 v e rso .
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p h ilo so p h ia  to  th e  animus in  g e n e ra l, P a t r i z i ,  l ik e  Bruno, wrote l i t t l e  a -  
b ou t th e  in d iv id u a l  k inds o f s o u ls .  He m entioned t h a t  th e re  were two main 
d iv is io n s  o f  th e  anim us, th e  "supramundanos" and th e  "intram undanos, 
b u t t h i s  seems to  have been in c lu d ed  more in  o rd e r to  m ain ta in  P a t r i z i ’s  
th e o ry  o f  c o n tra ry  p a i r s  th a n  to  f u r th e r  h is  d is c u s s io n  on th e  n a tu re  o f 
th e  a n i m u s The "supramundanos" were th o se  animus n o t jo in e d  to  a  body 
w hile  th e  "intram undanos " were th e  animus d w elling  w ith in  th e  co rp o rea l 
w orld . The c e l e s t i a l  animus belonged to  th e  l a t t e r  c la s s .
P a t r i z i  nowhere in  h is  new philosophy  gave s p e c ia l  c o n s id e ra tio n
to  th e  c e l e s t i a l  anim us. In  th e  f i r s t  ch ap te r o f th e  "P a n a rch ia ," th e
book d e a lin g  w ith  f i r s t  p r in c ip le s ,  he ru le d  ou t th e  in te l l ig e n c e s  a s
th e  heavenly  m otors:
Q uia c o e l i  corpora  su n t t r i n e  dim ensa, i n te l l e c t u s  vero  in c o rp o ra i 
s u n t omnino. C o n tra r ij  ergo s u n t .  C o n tra ria  autem in t e r  se iu n g i 
nequeunt, n i s i  p r iu s  c o n ten ç e re n tu r. At quae c o n ten ç e ra tio  i n  i n ­
c o rp o ra is , cum corporum s i t  p ro p r ia .  Ergo primus i l l e  prim i c o e li  
m otor, anima f u e r i t ,  & non i n t e l l e c t u s :  E t multo minus, e s t  summus
Deus.oO
L a te r , he e lim in a ted  th e  Angels because th ey  were "mentes seu i n t e l l e c t u s , "  
and
mentes s u i  n a tu ra , n u U i  ad d icu n tu r c o rp o ra . Neque ergo c o e l i s ,  ne-
^^Ib id . ,  pp . So v e rso , S3 r e c to .
^^For a  com plete s c a le ,  P a t r i z i  thought i t  necessa ry  th a t  f o r  every 
ty p e  o f  being  th e re  be a  c o n tra ry  ty p e . One o f th e  few excep tions to  t h i s  
was th e  d e n ia l  o f th e  e x is te n c e  o f  i r r a t i o n a l  s o u ls .
^ ^ P a t r iz i ,  Nova p h i lo s o p h ia , "P an p sy ch ia ," p . S3 verso
RoIb id . ,  "P an a rch ia ,"  p . 1 v e rs o ; "Because th e  bod ies  o f th e  heaven 
have th re e  d im ensions, th e  i n t e l l e c t u s  a re  t r u l y  e n t i r e ly  in c o rp o re a l. There­
f o r e  th e y  a re  c o n tr a r ie s .  C o n tra r ie s , however, can n o t be jo in e d  among them­
s e lv e s ,  u n le ss  f i r s t  th ey  a re  m oderated. But what m oderation i s  p ro p er in  i n ­
c o rp o re a ls  w ith  c o rp o re a ls . T h e re fo re , t h a t  f i r s t  motor of the  f i r s t  heaven 
w i l l  be a  so u l and no t an i n t e l l e c t ;  and much le s s  i s  i t  th e  h ig h e s t  God."
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On
que as t r i s  su n t a d d ic t i .
When, i n  th e  chap ters  on th e  m otion and s t r u c tu r e  o f  th e  heavens, 
he d id  m ention th e  animus which c o n tro lle d  th e  heavens, he d id  so only  
to  su p p o rt h is  th eo ry . One of th e  d i f f i c u l t i e s  which a ro se  i n  a  g e o s ta tic , 
g e o ce n tric -sy s tem  w ithout sp h eres  was th e  u n ifo rm ity  o f  movement and th e  
r e l a t i v e  f i x i t y  among th e  f ix e d  s t a r s .  I f ,  as in  P a t r i z i ' s  system , each 
s t a r  had i t s  own animus which was to  govern i t s  own m otion , why d id  a l l  
o f th e se  s t a r s  appear to  have a  s im ila r  motion? P a t r i z i  was n o t w il l in g  
to  s a c r i f i c e  freedom  of movement fo r  each  of h is  g lo b es; y e t ,  he could no t 
deny t h a t  th e y  appeared to  move as a  u n i t .
He saved b o th  the appearances and h is  th e o ry  by ap p ly in g  two prop­
e r t i e s  o f th e  animus to th e  c e l e s t i a l  s o u ls .  F i r s t  was th e  p a r t i a l  sh a r­
in g  in  th e  i n t e l l e c t u a l  n a tu re  o f th e  mens:
Haec v ero  nunera , non s in e  r a t io n e ,  non s in e  i n t e l l i g e n t i a  possun t 
o b i r i ,  Demonstratum autem iam e s t ,  ordinem omnem, ortum  a mente ha­
b e re ,  S i  ortum , cur non & medium & finem ? Ordo i g i t u r  i n t e r  sy d era ,
& s i t u s ,  & d i s t a n t i a ,  ab animo, ab i n t e l l e c t u ,  syderum, & non ab v l l a  
eorum i n  coelo  f ix io n e  v e n i t .  Quia an im a lia  s u n t ,  & quidem d iu in a .
Animo s c i l i c e t ,  & r a t io n e ,  & mente p ra e d i ta .  E t q u ia  s u n t ,  v i t a e ,  & 
a c t i o n i s ,  v t  re liq u a  a n im a lia , p a r t i c i p i a . °
This guaranteed some independence f o r  each globe w h ile  th e  second
^^ Ib id , , "Pampsychia, " p , 55 r e c to  ; "minds by t h e i r  n a tu re  a re  a t ­
tached  t o  no body. And th e re fo re  th ey  a re  a tta c h e d  n e i th e r  t o  th e  heavens 
nor to  th e  s t a r s . "
^^ Ib id , ,  "Pancosm ia," p , 91 r e c to : "T ruly  they  can perform  th e se
o f f ic e s  n o t w ithou t reaso n , n o t w ith o u t in te l l ig e n c e .  F o r i t  has a lre a d y  
been shown t h a t  a l l  order has i t s  beg inni n g from  th e  mind. I f  th e  beg inn ing  
why n o t th e  m iddle and th e  end? The o rd e r , th e re fo re ,  among th e  s t a r s  and 
t h e i r  p la c e s  and d is ta n ce s  comes from th e  anim us, from  th e  in t e l l ig e n c e ,  of 
th e  s t a r s  and no t from any f ix a t io n  o f them in  th e  sky . Because th ey  a re  
l iv in g  and indeed  d iv in e . Whereby as had been m entioned b e fo re  w ith  a  so u l, 
w ith  re a so n  and w ith  a m ind. And because th ey  p a r t i c ip a t e  i n  l i f e  and a c tio n  
as o th e r  l iv in g  b e in g s ,"
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p ro p e r ty , th e  u n i ty  o f  animus i n  th e  mundi animus, saved th e  appearances:
E t l i b e r  p e r  coelum s id e r ib u s  cu rsu s  d a b i tu r ,  & a p p e te n tia e  omnes s a l -  
u abun tu r. S i i n t e l l i g a n t u r  a s t r a ,  v t  reu e ra  s u n t ,  s p i r i t u  p ro p r ia  
v e h i, animo m oueri, i n t e l l e c t u  o rd in e  re g i:  . . .  Non enim, corpora , 
v t  a p p e lla t  a n t iq u i t a s ,  d iu in a ,  s in e  animo e s se  e s t  p o s s ib i le .  Et 
neque so lo  mundi animo, e sse  anima t a .  Sed & hoc, & suo quaeque s t e l l a  
p ro p r io . E t i t a  p ro p r ia  & communi v iu e re  v i t a ,  & p ro p r io , & communi 
i n t e l l i g e r e  i n t e l l e c t u .  E t p ro p r io , & communi veh i s p i r i t u .  C uius, 
q u ia  iam sep iu s  mentionem fac im u s, suo loco , tra c ta t io n e m  in s titu e m u s . 
Concludendum i g i t u r ,  s id e r a ,  q u ia  s i n t  an im a lia , & quidem d iu in a , & 
diuinum  animum, & diuinem  v i t  am, & diunum in te l le c tu m  habere esse  
n ecesse . Qui i n t e l l e c t u s  cum s i t  mundi i n t e l l e c t u i  coniunctus & i n  
eo s i t .  Et s i t  item  in  primo i n t e l l e c t u ,  n ecesse  e s t ,  v t  a  s u p e r i-  
orum n u tu , omnis eorum pendeat v o lu n ta s , neque ab eo d isc e d a t vnquam, 
omniaque o rd in e  ex seq u an tu r, quae i l iu m  vel v o lu is s e  ab i n i t i o ,  v e l  
i n  d ie s  v e l le  i n t e l l i g e n t
Although P a t r i z i ' s  animus were d e f in i t io n a l ly  d i f f e r e n t  from  B runo 's  
( th e  form er were i n f e r i o r  to  th e  human anima, th e  l a t t e r  s u p e r io r ) ,  b o th  
perform ed th e  same fu n c tio n : They moved th e  wandering and f ix e d  s t a r s .
Both w r i te r s  l e f t  many q u e s tio n s  concern ing  the a s t r a l  so u ls  unasked and un­
answ ered. Each had s u b s t i tu te d  a  com pletely  v i t a l i s t i c  p r in c ip le  f o r  th e  
s o l id  sp h e re s .
As a  cosm olog ical e x p la n a tio n  th e  anima had long  been s a t i s f a c to r y ;  
as e f f i c i e n t  causes in  an a s tro n o m ic a l system , th ey  had to  a  la rg e  e x te n t
^^I b id , ,  p , 91  v e rs o : "And f r e e ly  through th e  heaven w i l l  a  p a th  be
given to  th e  s ta r s  and a l l  appearances w i l l  be sav ed . I f  th e  s t a r s  a re  i n ­
t e l l i g e n t ,  a s  they  a re  re g a rd e d , th e y  a re  le d  by a p ro p er s p i r i t ,  moved by  
an anim us, governed by an i n t e l l i g e n t  o rd e r: . . . For i t  i s  n o t p o ss ib le  
f o r  d iv in e  b o d ie s , as th e  a n c ie n ts  c a l le d  them, t o  b e  w ith o u t a  so u l. And 
n o t on ly  i s  i t  an im ated  by th e  s o u l o f th e  w orld, b u t by t h i s  and each s t a r  
by i t s  p ro p e r so u l. And th u s  i t  l i v e s  by a  p roper and common l i f e  and knows 
by a  p ro p e r and common i n t e l l e c t ,  and i s  drawn by a p ro p e r and common s p i r i t .  
Of which we have a lre a d y  made m ention fre q u e n tly ; i n  i t s  p lace  we have a r ­
ranged th e  tre a tm e n t. I t  i s  concluded th e re fo re , t h a t  i t  i s  necessary  th a t  
th e  s t a r s  which a re  l iv in g  and c e r ta in ly  d iv in e  have a d iv in e  animus and a  
d iv in e  l i f e  and a  d iv in e  i n t e l l e c t .  Which i n t e l l e c t  i s  jo in e d  to  th e  in ­
t e l l e c t  o f th e  w orld  and i s  i n  i t .  And i t  i s  the  same in  th e  f i r s t  i n t e l l e c t ;  
i t  i s  necessary  as from  th e  p le a s u re  o f th e  su p e r io rs  i t  ho lds to g e th e r  a l l
t h e i r  w i l l s  and i t  does n o t s e p a ra te  anyone from i t  and a l l  fo llow  out in
o rder because they know th a t  i t  e i t h e r  has been w il le d  from  the  beg inn ing  or 
i t  was tak en  up in  tim e ,"
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been ignored. In each resp ect the removal o f the spheres exposed weak­
nesses o f th e uses o f th ese  creatu res. The reasons were va r ied . W illiam  
G ilbert le ssen ed  the r o le  o f th e anima in  h is  De mundo w ithout g iv in g  any 
explanation fo r  so doing.
Kepler objected to  a d ir e c t e f f e c t  o f the sou ls  upon th e planetary  
bodies fo r  "corpus aliquod ab anima sua transp ortari non posse de loco in  
locum, s i  d e s t itu te  f u e r it  orbis instrum ente, qui per totum circuitum
absolvendum s i t  e x p o rre c tu s , s i  item  a b s i t  corpus imm obile, c u i o rb is
lio n
n86
in n i t a tu r ." ^ ^  Thomas ly d ia t  exp ressed  h is  o p in  th a t  "absurdum &
p u e r i le  s i t  e x is t im a re  e a  corpora e sse  an im ate. ’
However, even i f  th e  anima could move th e  g lo b es , b o th  th e  r e g u la r ­
i t y  and th e  i r r e g u l a r i t i e s  of th e  p a th s  o f th e  f r e e ly  moving g lobes were
^^o m p are : W illiam  G ilb e r t ,  G v ilie lm i G i lb e r t i  C o lc e s tre n s is ,
m edici r e g i i ,  de mundo n o s tro  su b lu n a r i p h ilo s oph ia  nova. Opus posthumum, 
ab a u ih o r is  f r a t r e  co liec tu m  pridem  & d isp o situ m , nvnc ex duobus MSS. 
co d ic ib u s  ed itum . Ex museio v i r i  p e r i l l u s t r i s  G v ilic lm i B o sw elli e q u i t is  
a u r a t i  &c. & o r a to r i s  apud Foederatos Beiges A ng li (Amstelodami; Apud 
Ludovxcum E lzev iriu m , 16$1),  pp . 1 3 ^-lii3 , 159-161; G v ilie lm i G i lb e r t i  
C o lc e s tre n s is ,  m edici L ond inensis , de m agnete, m agneticisqve  c o rp o rib v s , 
e t  de magno magnete t e l l u r e ;  p h y s io lo g ie  noua, p lu r im is  & a rg u m en iis , & 
experim en tis  dem onstrate  (L ondin i; P e trv s  S h o r t, l6ÛÜ^, pp. 220-22$.
®^^ohann K ep ler, Epitomes astronom iae C opernicanae, u i s t a t a  forma 
quaestionum  & responsionum  c o n sc r ip ta e , l i b e r  q u a r tu s ,  d o c tr in a e  ih e o r ic a e  
prim ust quo p h y sica  c o e le s t i s ,  hoc e s t  omnium in  coelo  magnitudinum, 
motuum, proportionum que, causae v e l  n a tu ra le s  v e l  a rc h e ty p ic a e  e x p lic a n tu r ,  
e t  s i c  p r in c ip le  d o c tr in a e  th e o r ic a e  dem onstran tu r. Q vi, qvod v ic e  
svpplem enti lib ro ru m  A r i s to t e l i s  de cae lo  e s s e t ,  c e r to  c o n s i l io  seo rsim  e s t  
e d itu s  (L e n ti ls  ad Danubium: Excudebat Johannes P lan cu s, 1 6 2 0 ) , i n  K epler,
Gesamroelte Werke, V U , p . 29k‘. "A body cannot be tra n s p o r te d  by i t s  so u l 
from  p la ce  to  p la c e , i f  th e  sphere lack s  th e  organ which reach es  ou t th rough  
th e  whole c i r c u i t  t o  be tr a v e r s e d ,  and i f  th e re  i s  no immobile body upon 
which th e  sphere  may r e s t . "  E n g lish  t r a n s l a t i o n  from  K ep ler, Epitom e, G reat 
Books, Z 7 I, p .  892 .
PïfsThomas l y d i a t ,  P r a e le c t io  astronom ica . De n a tv ra  c o e l i  & con- 
d i t io n ib u s  elementorum: turn autem de c an s is  praecipuorum  motuum c o e l i  &
s te l la ru m  (L ond in i; Joannes B i l l ,  1605), p . 65: " i t  i s  absurd  and c h ild is h
to  th in lT ’th a t  th o se  b o d ies  a re  an im ated ."
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u n fav o rab le  to  th e  accep tance  o f l iv in g  beings as  c e l e s t i a l  m oto rs. Ear­
l i e r  some w r i te r s  had o b je c ted  to  jo in in g  an in te l l ig e n c e  to  a  re g u la r  c i r ­
c u la r  m otion because th e  continued r e p e t i t io n  o f th e  same p a t te r n  d id  no t
Oo
seem to  demand an i n t e l l i g e n t  be ing  to  c o n tro l i t  d i r e c t l y .  F or K epler 
th e  d e v ia tio n s  from th e  p e r fe c t  form  were unworthy o f such a b e in g . An in ­
t e l l i g e n t  c re a tu re  would guide i t s  charge w ith  utm ost in te l l ig e n c e ;  " o rd i-  
n a re t v tiq u e  eam in  perfectum  circu lum , cu jus e s t  m en ta lis  p u lc h r itu d e  e t  
p e r f e c t io .  Y et, th e  p la n e ta iy  p a th s  were e l l i p t i c a l  and th e  laws govern­
in g  the  movements of a body tr a v e r s in g  such a p a th  were " p o tiu s  naturam  s t a -
89te r a e  seu  n e ce ss ita te m  m ateria lem  quàm conceptum e t  d is t in a tio n e m  m en tis ."
F urtherm ore , in  such a  system  where would th e  s o u l r e s id e .  I f  i n  the  
c e n te r ,  i n  what body d id  i t  r e s t ,  f o r  th e  c e n tr a l  f ig u r e ,  the  Sun, re s id e d  
in  one focus o f  th e  e l l ip s e ?  I f  i n  th e  p la n e t ,  how could  the  mind know where 
th e  c e n te r  was? Both q u e s tio n s  were unanswerable i n  th e  K ep lerian  w orld. 
T h e re fo re ,
haud obscurum esse  p o t e r i t :  neque mentem aliquam  introducendam  e sse ,
quae d ic tam in e  r a t i o n i s  e t  v e lu t i  n u tu  globes c ircum agat, neque animam, 
h u ic  quidem c irc u m la tio n i ,  p rae fic ien d am , quae s i c ,  v t  f i t  i n  convol­
u tio n s  c ir c a  axem, v iriu m  a e q u a b il i  co n ten tio n s  f a c i a t  iBç>ressionem 
in  g lo b es. . . «9Ô
G^See p . 19  s u p ra .
K ep ler, Gesmmalete Werke,  V II, p . 299: " i t  would la y  o u t th e  o rb i t
in  a  p e r f e c t  c i r c l e ,  which has beau ty  and p e r fe c t io n  to  th e  m ind." E ng lish  
t r a n s l a t i o n  from  K ep le r , Epitome, G reat Books, X\/I, p . 692 .
^^K ep ler, Gesammelte Werke, V II, p . 299; "o f th e  n a tu re  o f th e  balance 
o r of m a te r ia l  n e c e s s i ty  r a th e r  th an  o f th e  conception  and d e te rm in a tio n  o f 
th e  m ind." E n g lish  t r a n s la t io n  from  K ep le r , Epitome, G reat Books, XVI, pp.
892- 893 .
^^K epler, Gesammelte Werke, V II, p . 297: " i t  w i l l  of n e c e s s i ty  be
c le a r  t h a t  no mind i s  t o  be in tro d u ced  which should tu rn  the  p la n e ts  by the  
d ic ta t io n  o f re a so n  and so to  speak by a nod, and th a t  no so u l i s  to  be pu t 
i n  charge o f t h i s  re v o lu tio n , i n  o rd e r th a t  i t  should in ç re s s  som ething in to
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I f  th e re  were n e i th e r  spheres n o r a s t r a l  s o u ls  to  move th e  heaven ly  
b o d ie s , what d id  move them? F ran c is  Bacon com plained th a t  " a t  v ix  quisquam 
e s t ,  q u i i n q u i s iv i t  causas p h y sicas turn de s u b s ta n t ia  co elestium , y e t  he 
h im se lf , made no such  in q u iry . A few o f  h is  con tem poraries d id .
The accum ulation  of in c re a s in g ly  a c c u ra te  o b se rv a tio n a l d a ta  and th e  
con troversy  as to  w hether th e  u n iv e rse  was h e l io c e n t r ic  o r g e o ce n tr ic  had 
focused  men’s a t t e n t io n  on th e  heavens. The R enaissance , Reform ation and 
o th e r hum an istic  movements had changed th e  i n t e l l e c t u a l  atmosphere o f w est­
ern  Europe. A lready some men were convinced n o t on ly  th a t  God had made th e
92w orld by "number, w e ig h t and m easure ," b u t th a t  th e se  D ivine designs 
could be known and understood  by man. So lo n g  as  p h y s ic a l  phenomena were 
considered  th e  r e s u l t s  o f s p i r i t u a l  a g e n ts , man could m arvel a t  th e  u n i­
verse  b u t he could hope only f o r  a  l im ite d  knowledge of i t .
Ind w ellin g  so u ls  n o t only su p p lie d  an e x p la n a tio n  fo r  a l l  th e  re g -
th e  g lobes by th e  b a lanced  c o n te s t  o f th e  f o r c e s ,  a s  ta k es  p la ce  in  th e  r e ­
v o lu tio n  about th e  a x i s .  . . . "  E n g lish  t r a n s la t io n  from  K ep ler, Epitome, 
G reat Books, X7I, p . 895.
91F ran c is  Bacon, The Works of F ran c is  Bacon, Baron of Verulam, l i s -  
count S t .  A lbans, and Lord High C hancello r o f  England, ed . James Spedding. 
e t  a l . ,  (15 v o ls ;  New York: Hurd and Houghton, iSéli^ I I ,  p . 270: " th e re
i s  sca rce  any one who has made in q u i r ie s  in to  th e  p h y s ic a l  cau ses, as  w e ll  
o f th e  substance  o f th e  h eavens."  I b id . ,  V II I , p . Ii86,
^Sjisdom 11 :21 . Of. üÿcho Brahe, üychonis Brahe Dani ep is to la rv m  
astronom icarvm  l i b r i .  Quorum prim vs h ie  i l l v s t r i s s u s  e t  la v d a tis s u s  p r in -  
c ip is  G vlielm i H assiae  L an d tg rav ii ac  ip s iu s  m athem atici l i t e r a s ,  vnaque 
re sp o n sa  ad s in g u la s  c o n ç le c t i tu r  (V ran ib v rg i: 1596), i n  Brahe, Opera, VT,
p . Ü9; G ab rie l F l a t t e s ,  A b isco v ery  o f I n f i n i t e  T rea sv re , Hidden S ince th e  
Worlds B eginning. W hereunto A ll  Men, o f What Degree Soever, Are F rien d ly  
In v ite d  to  Be S h are rs  w ith  th e  d isco v e red  ^London: G. b u tto n , 1639^; p . 1;
John Dee, "M athem atica ll F ra e fa c e ,"  in  riie  Elem ents o f Geometrie of th e  Most 
A uncient P h ilo so p h er E vclide  o f Megara. F a i th f u l ly  (Now F i r s t )  T ran s la ted  
in to  th e  E n g lish e  Toung, by H. B i l l in g s le y  (London: lohn  Daye. Ll5?Ql). P. 
A i i i j  v e rso .
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u l a r  and i r r e g u la r  heavenly  movements, th ey  a ls o  allow ed f o r  any unex­
p e c te d , u n p red ic ted  e v e n t. Such causes t h a t  saved a l l  th e  phenomena 
were u n s a t i s fy in g  to  many, e sp e c ia lly  to  th o se  th in k e rs  who were try in g  
to  f in d  a model o f  th e  u n iv e rse  th a t  accounted f o r  th e  c e l e s t i a l  m otions, 
d e sc r ib e d  th e  s t r u c tu r e  o f th e  p h y s ic a l w orld , and enab led  th e  c o n ç ile rs  
o f  a s tro n o m ic a l ta b le s  to  p re d ic t  a c c u ra te ly  th e  f u tu r e  p o s i t io n s  o f th e  
heaven ly  b o d ie s .
The men who employed v i t a l i s t i c  m otors were seldom , i f  e v e r , i n ­
te r e s t e d  i n  a l l  th re e  a s p e c ts .  Bruno and P a t r i z i  each d e l in e a te d  th e  
cosmos a s  he b e lie v e d  i t  a c tu a l ly  e x is te d ; b o th  p rov ided  e f f i c i e n t  causes 
f o r  m otion w ith in  t h e i r  system s; n e ith e r  p re se n te d  a  co m p u ta tio n al dev ice  
th a t  cou ld  be u sed  to  c a lc u la te  forthcom ing a s tro n o m ic a l e v e n ts . Those 
who con tinued  w ith  th e  horaocentric spheres had n a tu r a l  m otions and anlma- 
m otors u n ite d  i n  an  in te g ra te d  p h y s ic a l s t r u c tu r e ,  bu t th e y  found d i f f i ­
c u lty  i n  sav in g  th e  c e l e s t i a l  movements i n  te rm s o f t h i s  s t r u c tu r e .  
P to lem y 's  fo llo w e rs  s u f fe re d  o r ignored  th e  p h y s ic a l  and motor d i f f i c u l ­
t i e s  in h e re n t  i n  a  system  o f  ep icy c le s  and e c c e n t r ic s .  Brahe was i n t e r ­
e s te d  i n  th e  a c tu a l  s t r u c tu r e  o f  th e  u n iv e rse , b u t he showed l i t t l e  con­
ce rn  f o r  th e  causes o f  th e  phenomena. C opem icans l ik e  Digges and G a li­
le o  fo cu sed  most o f t h e i r  a t te n t io n  on th e  p h y s ic a l  r e a l i t y  o f th e  h e l i ­
o c e n tr ic  th e o ry , a  th e o ry  th ey  were co n fid en t would account f o r  th e  
heavenly  movements; y e t  th e y  seemed to  care  l i t t l e  f o r  th e  power or 
powers t h a t  moved th e  g lo b e s .
To a  few th e  c e l e s t i a l  anima were e s s e n t i a l ;  to  o th e rs  th e y  were 
co n v en ien t; to  many th ey  were a  d is tu rb in g  f a c to r .  Among t h i s  l a s t  group 
some t r i e d  to  d e v ise  s u b s t i t u t e  ag en ts , motors w ith  a m a te r ia l  b a s is .
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The su g g es tio n s  were v a r ie d , t h e i r  uses d iv e r s e .  T h e ir one common e le ­
ment was t h a t  each took  a  t e r r e s t r i a l  m otive power and p la ce d  i t  u n a l­
te re d  in  th e  c e l e s t i a l  w orld .
CHAPTER IT
MAGNETIC CELESTIAL MOTORS
One of th e  concepts th e  post-C opern icans t r i e d  to  u t i l i z e  i n  ex­
p la in in g  c e l e s t i a l  motions was magnetism. W rite rs  from  A n tiq u ity  to  th e  
M iddle Ages had noted  th e  a b i l i t y  o f the  lo d esto n e  to  draw i r o n ,  b u t un­
t i l  sometime in  th e  in te r v a l  between th e  e le v e n th  and th i r t e e n th  c e n tu r ie s ,  
t h i s  phenomenon was only one o f many c u r io s i t i e s  o f n a tu re . A f te r  th e  
e le v e n th  c e n tu iy , th e  knowledge o f  th e  n o rth -so u th  o r ie n ta t io n  o f a  f r e e ly  
suspended m agnetic body and th e  tech n iq u e  o f  producing  a r t i f i c i a l  magnets 
combined to  produce th e  m a rin e r 's  compass. The c u r io s i ty  had become a  
u s e fu l  in s tru m e n t.^
By th e  m iddle of th e  th i r t e e n th  cen tu ry  a  number o f  th e o r ie s  had 
been developed to  e x p la in  what was known abou t m agnetic a t t r a c t i o n .  S ince 
n a tu r a l  p h ilo so p h e rs  c rea ted  th e  concept of m agnetic p o le s  as an analogy 
to  th e  p o le s  of th e  sphere o f f ix e d  s t a r s  and th en  considered  th e  o r ie n ­
t a t i o n  o f  th e  conçass r e l a t iv e  to  th e  c e l e s t i a l  p o le , magnetism became
2
a s s o c ia te d  w ith  th e  su p ra ln n ar re g io n . Thus, when a  renewed i n t e r e s t  in
^ u a n e  H. D. R o lle r ,  The De magnete o f  W illiam  G ilb e r t (Amsterdam; 
Memo H ertzb e rg e r, 19^9) t  pp . H -it9  review s th e  h is to iy  o f magnetism and 
e l e c t r i c i t y  b e fo re  G ilb e r t .
2
P e te r  P e re g rin u s , E p is t le  of P e te r  P e reg rin u s  of I fe r ic o u r t to  Sy-  
gerus o f  F oncaucourt, S o ld ie r , concerning th e  M agnet, t r a n s .  S ilv an u s  'P,
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th e  conçass and i t s  p r o p e r t ie s  accompanied th e  in c re a se d  n a v ig a t io n a l  
a c t i v i t y  o f th e  f i f t e e n t h  and s ix te e n th  c e n tu r ie s ,  th e  men in v e s t ig a t in g  
m agnetic p ro p e r t ie s  were n e c e s s a r i ly  concerned w ith  th e  s t r u c tu r e  and mo­
t io n  o f th e  heavens. M oreover, th e  P ru tan n ic  T ables, th e  b e s t  astronom i­
c a l  ta b le s  a v a ila b le  in  th e  l a t e  s ix te e n th  cen tu ry , were based on th e  he­
l i o c e n t r i c  th e o ry . Thus, f r e q u e n tly  th e  same men were acq u a in ted  w ith  th e  
C opernican h y p o th esis  and w ith  m agnetic th e o r ie s .  In  le s s  than  a cen tu ry  
th e  two d i s t i n c t  s tu d ie s  were jo in e d  in  a  common th eo ry .
"When i n  l5 ?6  Thomas D igges added an  E n g lish  v e rs io n  of th e  Coper n i­
can system , "A P e r f e c t  D e sc r ip tio n  o f th e  C e le s t ia l  G lobes,"  to  a  re v is e d  
e d i t io n  o f h is  f a t h e r 's  A P ro g n o s tic a tio n  E u e r la s t in g ,^ he in c lu d ed  two 
in n o v a tio n s  in  th e  system . One, th e  s c a t te r in g  o f th e  f ix e d  s t a r s ,  has 
been d iscu ssed  p re v io u s ly .^  The o th e r was a ca su a l s ta tem en t which p laced  
a "m a g n e tic a ll fo rc e "  i n  th e  c en te r  o f th e  E a rth :
In  th e  m idst o f t h i s  Globe o f M o r ta l i t ie  hangeth t h i s  darck  s t a r r e  or 
b a l l  o f e a r th  and w a te r ba lan ced  and su s ta in e d  in  th e  m idst o f th e
Thongs on (piondon: Chisw ick P re s s , 1 9 0 ^ ) ,  C hapters iv ,  v ; H. D. H arradon,
"Some E arly  C o n trib u tio n s  to  th e  H is to ry  o f Geomagnetism I ,"  T e r r e s t r i a l  
Magnetism and A tm ospheric E l e c t r i c i t y ,  XLYIII (19ii3), pp . 5 , l l .
•3
Thomas D igges, "A P e r f i t  D e sc rip tio n  o f th e  C a e le s t i a l l  Orbes ac­
co rd ing  to  th e  Most A unciente  D octrine o f th e  P y thagoreans, L a te lye  Reuiued 
by Copernicus and by G e o m etr ica ll D em onstrations Approued," i n  Leonard Dig­
g e s , A P ro g n o s tic a tio n  E u e r la s tin g e  of R i ^ t e  Good E f fe c ts ,  f r u i t f u l l y  Aug­
m ente?" by th e  A uctour, co n ta jn in g  P la in e , B r ie fe ,  P le a sa u n t, ~ ^ o sen  Rules 
to  ludge th e  W eather by th e  Sunne, Moone, S ta i r e s ,  Comets, Rainebow, Thunder, 
C loudes, w ith  O ther E x trao rd in a ry  Tokens, n o t O m itting th e  A spects o f P lan ­
e t s ,  w i t h  a  B r ie fs  ludgem ent f o r  E uer, o f P le n ty , Lacks, S ic k e n ess , D earth , 
W a ^ e s ,  &c. Opening a ls o  Many N a tu ra ll  Causes vvorthy To Be Know en. To 
These and O ther Mow a t  th e  L a s t. Are loyned D ivers G e n e ra li, P le a sa u n t Ta­
b le s  w i t h  Manye Compendious R u les, Ëasye to  Be Had i n  Memory, M anifolds" 
W ayes P r o f i ta b le  to  A1 Men o f V nderstanding (London; Thomas H arsh, 1576).
^See pp . UI-U2 above.
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th in n e  ay er onely w ith  t h a t  p ro p r ie ty  which th e  w onderfu l! workman 
h a th  giuen a t  th e  C rea tio n  to  th e  C enter o f  t h i s  Globe w ith  h is  mag- 
n e t i c a l  fo rc e  vehemently t o  draw and h a le  unto  i t  s e l f  a l l  such o th e r 
E lem en ta l! th in g s  as  r e t a in s  th e  l ik e  n a tu re .
There i s  l i t t l e  to  in d ic a te  in  t h i s  one c ry p t ic  re fe re n c e  in  the 
" P e rfe c t D esc rip tio n "  how D igges used h is  "m agnetical fo r c e ,"  w hatever i t  
was. The d iu rn a l  m otion, acco rd in g  to  hijn, was due to  a " n a tu r a l l ,  u n i­
forme and w onderfu l! s l i e  & smoth m otion"^ which "always contynueth uny- 
forme and e q u a l!  by reaso n  of t h i s  cause whiche i s  in d e f ic ie n t  and alway
7
c o n tin u in g e ." This cause i s  no t f u r th e r  d e fin ed  nor i s  th e re  any reason
to  assume th a t  Digges a s s o c ia te d  th e  m agnetical fo rce  w ith  th e  E a rth ’s 
m otion.
A lth o u ^  he used th e  v e rb  " to  draw" in  re g a rd  to  th e  m agnetical 
fo rc e  which he p laced  i n  th e  c e n te r  o f  th e  E a rth , Digges d id  no t consider 
magnetism as th e  cause o f f a l l i n g  b o d ie s . This he a t t r ib u te d  to "G rav itie "  
which
i s  no th ings e ls  b u t a  c e r ta in e  p ro c l iv i ty e  o r n a tu r a l !  covetinge  of 
p a r te s  to  be coupled w ith  th e  whole, whiche by d iu in e  providence of 
th e  C rea to r o f a l  i s  g iuen  & im pressed in to  th e  p a r t s ,  t h a t  they 
should  r e s to r e  them selves in to  t h e i r  u n ity  and i n t e g r i t i e  concurringe 
i n  s p h e r ic a l !  fourm e, w hich k in d s  o f p ro p r ie ty  o r a f f e c t io n  i t  i s  
l ik e ly e  a ls o  th a t  th e  Moone and o th e r  g lo r io u s  bodyes wants no t to  
k n i t  & combine t h e i r  p a r te s  to g e th e r ,  and to  m ainteyne them in  t h e i r  
round shape, which b o d ies^ n o tw ith stan d in g e  a re  by sundrye m otions, 
sundrye wayes c o n v e i^ e d ,
Digges n e ith e r  compared nor c o n tra s te d  th e  " n a tu ra l  covetinge" w ith  
th e  m ag netica l fo r c e .  He re p e a te d  th e  assum ptions from th e  De R evo lu tio - 
n ibus th a t  su r fa c e , a e r i a l  and f a l l i n g  o b je c ts  shared  th e  n a tu r a l  r o ta t io n a l
^Thomas D igges, A P ro g n o s tic a tio n , p , M2 r e c to . 
^ Ib id .
^Ib id . , p ,  D2 v e rso .
g
Ib id , ,  p , [p;f| r e c to .
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m otion o f th e  E a rth . Such a  n a tu r a l  p roperty  kep t se p a ra te d  o b je c ts  in  
p o s i t io n  in  r e l a t i o n  to  th e  E a rth  and allowed f a l l i n g  b o d ies  t o  drop p e r -
g
p e n d ic u la r ly  to  th e  E a r th ’s s u r fa c e , Digges d id  n o t use h is  m agnetic 
p ro p e rty  f o r  t h i s  purpose a s  some l a t e r  w rite rs  d id .
The use o f magnetism in  th e  " P e r f i t  D e sc rip tio n "  i s  n e i th e r  a 
major c o n s id e ra tio n  nor does i t  r e f l e c t  an im p o rtan t p h y s ic a l  fo rc e  in  
D igges’s system . I t  i s ,  however, an example o f an e a r ly  a ttem p t to  p la c e  
some reco gn ized  source o f fo rc e  w ith in  the E a r th . N ico las Rymers a ls o  
assumed a  m agnetic p ro p e rty  to  be in  th e  E a rth , b u t he d id  no more th an  
p lace  i t  th e r e .
A q u a r te r  o f  a  cen tu ry  a f t e r  Digges, W illiam  G ilb e r t  p u b lish ed  h is
study  of magnetism. De m agnete. ^  A fte r  review ing e a r l i e r  id e a s  and adding
h is  own th e o r ie s  o f m agnetic  bod ies to g e th e r w ith  d e s c r ip t io n s  o f e x p e r i-
12ments which d isp lay ed  c e r t a in  p ro p e r t ie s  of th e se  b o d ie s , G ilb e r t  i n t r o ­
duced th e  "m agnetic v i r tu e "  as an  ex p lan a tio n  f o r  th e  d iu rn a l  m otion o f th e  
E a rth .
Whereas Digges co n sidered  th e  magnetic p ro p e rty  to  be im plan ted  in
^I b id . ,  pp . D1 r e c to - ^ j)  r e c t o .
^^N icolas lÿ m ers , N ic o la i Raymari Vrsi d ith m a rs i. Fvndamentvm a s -  
tronomicvm; i d  e s t .  Nova d o c tr in a  s inw m  e t  trian g v lo rv m . Eaqve a b s o l-  
v tis s iro a  e t  p e r fe c t is s im a , e iv sqve  vsvs in  astronom ica  c a lc u la t io n e  & ob­
s e rv a tio n s  (A rg e n to ra ti :  B ernardus lo b in , 1^88j ,  p . 1;0 r e c to .
■ ^^ illiam  G ilb e r t ,  G v ilie lm i G ilb e r t i  C o lc e s tre n s is , m edici Londi­
n e n s is .  de m agnete, ma g n e tic isq v e  co rp o rib v s , e t  de magno magnete teC Ture; 
p h y s io lo g ia  noug., p lu r im is  & a rg u m en tis , & e ^ e r im s n t i s  dem onstra te  (.Lon­
d in i :  E xcviebat P e trv s  S h o r t ,  l6 0 0 ) . ..
12I b id . ,  pp, 1 -210. This i s  in  th e  f i r s t  f iv e  books o f th e  De mag-  
n e te ,  th e  p a r t  which d e a ls  w ith  g e n e ra l magnetic th e o ry . The s ix th  book, 
pp . 211-2li0, i s  p r im a r i ly  concerned w ith  cosm ological s p e c u la t io n s . See 
R o lle r ,  The De magnete o f W illiam  G ilb e r t ,  p p . 128-153 f o r  a  d is c u s s io n  
o f  G i lb e r t 's  c o n tr ib u tio n s  t o  m agnetic theo ry .
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th e  c e n te r  o f th e  g lo b e , fo r  G ilb e r t  th e  whole E a rth  was a  g re a t lo d e -
s to n e , magnus magnes;
Atque i s tu d  quidem experimentum solum , magneticam naturam  t e l l u r i s  
in c ly tam , p e r  omnes e iu s  in te rn a s  p a r te s  ig en itam , & fusam , adm ira- 
b i l i  in d ic a t io n s  tanquam d ig i to  o s te n d i t ,  M agneticus i g i t u r  v ig o r  
in  t e l l u r e  e x i s t i t  quemadmodilm in  t e r r e l l a  quae p a rs  e s t  t e l l u r i s ,  
n a tu râ  homogenica. A rte  vero  sp h g r ic a , v t t e l l u r i s  g lobosae f ig u ra e  
c o rre sp o n d e re t, & p ra e c ip u is  exp erim en tis  cum t e l l u r i s  globe consen - 
t i r e t . l 3
The p ro p e r t ie s  which he had p o s tu la te d  fo r  lo d e s to n es , G ilb e r t  now gave 
to  th e  E a rth , This g lo b e , l ik e  a n a tu r a l  magnet, had in n a te  poles and a  
f ix e d  a x i s . ^  As a magnet was surrounded by a sphere  o f in f lu e n c e , o rb is  
v i r t u t i s ,  so th e  g re a t magnet^ th e  E a rth jh ad  i t s  orb o f v i r tu e  extending 
from  i t  and a f f e c t in g  a l l  e a r th ly  b o d ies  w ith in  i t . ^ ^
Having e s ta b lis h e d  th e se  p ro p e r t ie s  in  th e  E a r th , G ilb e rt used  them 
to  e x p la in  and to  defend th e  d iu rn a l  r o t a t i o n  o f th e  E a rth . He f i r s t  a t ­
ta ck ed  th e  th eo ry  of th e  spheres and s t a t e d  th a t  any m otion proper to  a 
heaven ly  body would be e i th e r  a r o ta t i o n a l  or an o r b i t a l  m otion of i t s  own. 
He den ied  th e  h y p o th esis  of th e  Prime Mover, and f i n a l l y ,  a f t e r  s t r e s s in g  
th e  g re a t s i n ç l i c i t y  o f  a  system  which in c luded  a  d iu rn a l  ro ta t io n  of th e  
E a rth , d ec la red
^ ^ G ilb e r t , De m agnete. p .  212: "And th a t  s in g le  experim ent, by a
w onderfu l in d ic a t io n ,  as  w ith  a f in g e r ,  p roclaim s th e  grand m agnetick n a tu re  
o f th e  e a r th  to  be in n a te  and d if fu se d  th rough  a l l  her inw ard p a r ts .  A mag­
n e tic k  v igou r e x is t s  th e n  in  th e  e a r th  j u s t  as  i n  th e  t e r r e l l a ,  which i s  a 
p a r t  o f th e  e a r th ,  homogenic in  n a tu re  w ith  i t ,  b u t rounded by A rt, so  a s  
t o  correspond w ith  th e  e a r th ’s globous shape and in  o rd er t h a t  in  th e  c h ie f  
experim ents i t  might acco rd  w ith  th e  g lobe  of th e  e a r th ."  E nglish  t r a n s ­
l a t i o n  from  W illiam  G ilb e r t ,  W illiam  G ilb e r t  of C o lc h es te r , P hysic ian  o f 
London. On th e  Magnet, M agnetick B odies A lso , and on th e  G reat Magnet th e  
E a rth ; a  New P hysio logy , Demonstrated by Many ^g u m en ts  and Experiments 
(London: a t  th e  Chiswick P re ss , 1900 [ i . e .  190]j ; ,  p . 212
^ G i l b e r t ,  De m agnete, pp . 211-211;.
^ ^ I b id . , see  diagram s pp . ?6 ,  77, 96 , 191, 229.
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Ex h is  i g i t u r  ra t io n ih u s ,  non p ro b a b il is  modo, sed  m an ifesta  v id e tu r  
t e r r a e  d iu rn a  c ircu m u o lu tio , cum n a tu ra  semper a g i t  p e r  p au c io ra  m agis, 
quam p lu ra j  atque r a t io n i  magis consentaneum vnum exiguum corpus t e l ­
l u r i s  diurnam v o lu ta tio n em  e f f ic e r e  p o t iu s ,  quam mundum totum  circum - 
fe r r i .lo
The f i n a l  cause of t h i s  motion was th e  wisdom o f  th e  C reato r in
p ro v id in g  a s u i ta b le  dw elling p la c e  f o r  man; th e  p rim ary  e f f i c i e n t  cause
was the  magnetic n a tu re  of th e  E a rth :
Quam miseram, & horrendam v tr in q u e  fac iem , ip s a  t e  H u s  cum p a t i  no - 
l u e r i t ;  m agnetica a s t r e a m ente, in  orbem v o lu i tu r ,  quo p e rp é tu a  com- 
m utatione lu m in is , p e rp é tu a  e s s e t  rerum  v i c i s s i t u d e ,  c a lo re s  & f r ig o r a ,  
o r tu s  Sc i n t e r i t u s ,  d ie s  & nox, mane & v e sp e ra , m erid ie s  & m ulta nox.
I t a  p e t i t  te  H u s  solenL& r e p e t i t ,  a u e r s a tu r  & in s e q u i tu r ,  a d m ira b ili 
sua magnetic a  v i r t u t e ,  '
G i l b e r t ’s b a s is  f o r  a s s o c ia tin g  th e  magnetic n a tu re  o f  th e  E a rth  w ith  
i t s  d iu rn a l  r o ta t io n  was P e te r P e re g rin u s ’ s a s su n ç tio n  t h a t  a s p h e r ic a l  
lo d esto n e  balanced  on p o la r  p iv o ts  w ith  i t s  a x is  p a r a l l e l  to  the  c e le s ­
t i a l  a x is  would tu r n  once a  day . Because th e  E a rth  was such a balanced
Rs p h e r ic a l  magnet, i t  tu rn ed  on i t s  ax is  once d a i ly .
To th e  e a r th ly  m agnetic p ro p e r ty  G ilb e r t  added two non-te r r e  s t r i a i  
causes f o r  th e  E a r th ’s m otion: The Sun and th e  s t a r s .  He d id  n o t, however,
l ^ Ib id , ,  pp . 219-220: ”So f o r  th e se  re a so n s , n o t o n ly  p robable b u t
m a n ife s t , does th e  d iu rn a l r o ta t io n  o f  th e  e a r th  seem, s in c e  n a tu re  always 
a c t s  through  a few r a th e r  than  through  many; and i t  i s  more ag reeab le  to  
re a so n  t h a t  the  E a r th ’s one sm all body should  make a  d iu rn a l  r o ta t io n ,  th a n  
t h a t  th e  whole u n iv e rse  should be w h irled  a ro u n d ,” E n g lish  t r a n s la t io n  
from  G i lb e r t ,  On th e  Magnet, p p , 219-220,
^ ^ G ilb e r t ,  De magnete, p ,  22li: "Since th e  E a rth  h e r s e l f  would n o t
choose to  endure t h i s  so m iserab le  and h o r r id  appearance on b o th  h e r f a c e s ,  
sh e , by her m agnetick a s t r a l  g e n iu s , rev o lv es  in  an o r b i t ,  t h a t  by  a  p e r ­
p e tu a l  change o f l i g h t ,  th e re  may be a p e rp e tu a l a l t e r n a t io n  o f th in g s , 
h e a t  and co ld , r i s in g s  and s e t t i n g s ,  day and n ig h t ,  morn and ev e , noon and 
m id n ig h t. Thus th e  E arth  seeks and re -se e k s  th e  Sun, tu rn s  away from  him 
and pu rsues him, by  her own wondrous m agnetick v i r t u e , "  E ng lish  t r a n s la t io n  
from  G ilb e r t ,  On th e  Magnet, p ,  2 2li,
- I  Û
G ilb ert, De magnete, pp , 220-221;,
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s t a t e  how th e se  ag en ts  a c ted  upon the E a r th . The Sun by  i t s  own orb o f 
v i r t u e  and b y  i t s  l i g h t  moved th e  p la n e ts  in  t h e i r  o r b i t s  and in c i te d  
th e  d a i ly  tu rn in g  of th e  E a r t h . T h a t  th e  same cau se , th e  Sun, e f fe c te d  
a c i r c u la r  o r b i t a l  m otion i n  the p la n e ts  and a r o ta t io n a l  m otion i n  th e  
E a rth  d id  n o t, a p p a re n tly , d is tu rb  G i lb e r t .  He made no a tte m p t to  c l a r ­
i f y  th e  a c tio n  of th e  Sun on th e  o th e r globes and was even more vague 
about th e  in f lu e n c e  o f th e  s t a r s  upon th e  E a rth :
. . .  turn q u ia  t e l l u s  to ^ g  v t i  mouetur à s e , i t a  e tiam  ab a l i j s  
a s t r i s  promouet u r .  . . .
While G i lb e r t  presumed th a t  the  Sun and s t a r s  a f fe c te d  th e  E a rth ,
P Ihe d id  n o t i n  th e  De magnete su g g est t h a t  th i s  a c tio n  was r e c ip r o c a l .
The o n ly  globe a c te d  upon by  th e  E arth  was the Moon, and i t  was o n ly  i n
G i lb e r t ’s l a t e r  w ork. De mundo n o s tro  su b lu n a r i , th a t  t h i s  r e la t io n s h ip
22was s p e c if ie d  as a  m agnetic one.
G ilb e r t  a ls o  used th e  m agnetic n a tu re  of th e  E a rth  to  answer the
^^ Ib id . ,  p p . 223-225.
^^ Ib id . ,  p .  223: "as w e ll as because th e  whole E a rth , as she i s
moved of h e r s e l f ,  so  a lso  i s  she p ro p e lle d  by o th e r s t a r s .  . . . "  E ng lish  
t r a n s la t io n  from  G ilb e r t ,  On th e  Magnet, p .  223.
P I In  an o th e r work w hich he l e f t  i n  m anuscrip t, G i lb e r t  gave h is  
cosm ological id e a s  in  g re a te r  d e t a i l .  S ince  th i s  book was no t pu b lish ed  
u n t i l  l 65 l ,  th e  id e a s  which i t  co n ta in s  have no t been  in c lu d ed  in  th i s  
s tu d y . See: W illiam  G i lb e r t ,  G v ilie lm i G ilb e r t i  C o lc e s tre n s is ,  m edici
r e g i i ,  de mundo n o s tro  su b lu n a r i p h ilo s oph ia  nova. Opus posthumum, ab 
a u th o r is  f r a t r e  co llec tu m  pridem  & d ispositum , nvnc ex duobus MSS, co d i­
c ibus ed itum . Ex museio v i r i  p e r i l l u s t r i s  G v ilie lm i B osw elli e q u i t i s  au­
r a t i  &c. & o r a to r i s  ^ u d  F oedera tos Belgas A ^gli (Amstolodami: Apud Ludo-
vicum E lzev iriu m , 1 6 5 1 ). For a summary of th e  De mundo and a  com parison 
of th e  cosm olog ica l id eas  exp ressed  in  i t  w ith  those advanced in  th e  De 
magnete see : S i s t e r  Mary Suzanne -Kelly, "The De mundo o f  W illiam  G ilb e r t ,"
(unpublished  M as te r’s t h e s i s .  Department o f H is to ry , U n iv e rs ity  o f Okla- 
home, 1961 ) ,  p p . 20- 85 .
167.
22Conçare: G ilb ert, De magnete, pp. 66, 232; De mundo,  pp. 166-
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o b je c t io n  th a t  f a l l i n g  bodies would n o t f a l l  p e rp e n d ic u la r ly  to  th e  ground 
i f  th e  E arth  were moving. To do th i s  he made a  p re c is e  d i s t i n c t io n  be­
tween th e  motion o f  a body toward th e  E a rth  and th e  m otion o f a  body w ith  
th e  E a rth . The form er movement was a  r e s u l t  o f th e  bod y 's  w eight and was 
a  s t r a i g h t - l i n e  m otion; th e  l a t t e r  was due to  a  sh a r in g  in  th e  E a r th 's  
m agnetic n a tu re  and th e  body 's  being  w ith in  th e  E a r th 's  orb o f v i r t u e .  
Thus, t h i s  second m otion was a c i r c u la r  one about th e  E a r th 's  a x i s . The 
s o lu t io n  d i f f e r s  from  the  Copernican one a l th o u ^ i  i n  b o th  cases e a r th ly  
o b je c ts  have th e  same m otion a s  th e  E a r th . In  th e  system  of th e  De re v o -  
lu t io n ib u s  each o b je c t moved in d ep en d en tly  w ith  a  d iu rn a l  m o v e m e n t . I n  
G i lb e r t 's  system  th e  orb o f  v i r tu e  moved as a u n i t  and a l l  o b je c ts  w ith in  
i t  were c a r r ie d  a long .
The magnetic v i r tu e  as d e sc rib e d  by G ilb e r t  re ta in e d  some animism. 
"While th e  v ir tu e  was an in n a te  power and th e  prim ary v ig o r o f th e  E a rth , 
i t  was a ls o  th e  p r in c ip a l  a t t r i b u t e  o f  th e  s o u l  d w elling  w ith in  th e  E a rth . 
As A r i s to t le  had im plied  t h a t  a  n o n -co rp o rea l su b stan ce  c o n tro lle d  th e  
m otion of each sphere bu t had re p e a te d ly  r e f e r r e d  to  th e se  m otions as n a t ­
u r a l  ones, so G ilb e rt pushed th e  v ita li.sh -i <>. r>rir-?iple in to  th e  background 
and a ss o c ia te d  the E a r th 's  m otion w ith  i t s  m agnetic p r o p e r t y . H e  d id  
n o t e x p la in  why or how th e  m agnetic p ro p e r ty  of th e  E a rth  caused i t  to  
move; he s in ç ly  s ta te d  th a t  i t  d id .
^ ^ G ilb e rt, De m agnete, pp . 225-230.
^^N icolas C opernicus, N ico la i C o p ern ic i T o rin en s is  de re v o lv tio n -  
ib v s  orbium coelestium , l i b r i  v i . (N orim bergae: Apud lo h . P etre ium ,
15^3)) p p . 5 v e rso -7 re c to l
^ % ilb ert, De magnete, pp. 208-210.
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The th eo ry  i s  no t an e le g a n t one. Even in  i t s  expanded form  in  th e
De mundo many o f th e  d e ta i l s  a re  la ck in g . In  th e  De magnete G ilb e r t  never
s p e c if ie d  w hether h is  cosmos were g e o ce n tr ic  o r h e l io c e n tr ic ;  he den ied
th a t  th e  p la n e ts  moved around th e  E arth  bu t never d iscu ssed  th e  movement
or lack  o f m otion of th e  Sun. The m agnetic v i r tu e  accounted f o r  only one
m otion in  th e  system —th e  d a i ly  r o ta t io n  of th e  E a rth ; o th e r movements were
p assed  over w ith  l i t t l e  comment. The Moon moved around th e  E a rth  because
i t  was "quasi v in c u lis  a l l i g a t a " ;  b u t no id e n t i f i c a t io n  o f  th e  type  o f
ch a in  was g iv en . In e le g a n t and incom plete as  i t  w as, G ilb e r t’ s th e o ry
proved u s e fu l  to  many o f h is  s u c c e sso rs . The most im portan t o f th e se  was
Johann K epler who b u i l t  h i s  "to tam  Astronomiam C opern ici H ypothesibus de
Mundo, üÿchonis vero B rahei O b serv a tio n ib u s , denique G vlielm i G i lb e r t i
27A ng li M agneticae P h ilo so p h ia e ."
The "whole astronomy" to  which K epler r e f e r r e d  i s  th a t  p re se n te d  in
pQ
th e  Epitome astronom iae Copernicanae ( I 6I 8- I 621 ) ,  th e  fo u r th  and l a s t  o f
^^ Ib id . ,  p .  232 .
27Johann K ep ler, Johannes K epler Gesammelte Werke, ed . Max Caspar 
(München: C. H, B eck 'sche V erlagsbuchhandlung, 1937-1959), V II, p . 2^h:
"whole astronony  upon Copernicus hypotheses concern ing  the w orld , upon th e  
o b se rv a tio n s  o f Tycho Brahe, and l a s t l y  upon th e  Englishman W illiam  G ilb e r t ’s 
ph ilosophy  o f m agnetism ," E n g lish  t r a n s la t io n  from  Johannes K e p le r , Epitome 
o f Copernican Astronomy i n  G rea t Books o f th e  W estern World V ol. XVI: P to l­
emy, C opernicus, K epler, ed . R obert Maynard H utchins (Chicago, I l l i n o i s :  
Encyclopaedia B r ita n n ic a , I n c . ,  19^2), p .  8^0,
OR
The Epitome astronom iae Copernicanae was pub lished  in  th re e  p a r t s :  
Johann K epler, ^ i to m e  astronom iae C opernicanae. J s i t a t a  form a quaestionum  
& responsionum  c o n s c r ip ta , inque  V ll. l i b r e s  d ig e s ta ,  quorum t r e s  h i  p r i -  
o re s  su n t de d o c tr in a  s p h a e r ic g  (L e n ti js  ad Danubium; Excudebat Johannes 
P lancus, 1618); Epitomes astronom iae C opernicanae, u s i t a t a  formâ quaestionum  
& responsionum  c o n sc r ip ta e , l i b e r  q u a r tu s , d o c tr in a e  th e o ric a e  prim us; quo 
p h y sica  c o e le s t i s ,  hoc e s t ,  omnium in  coelo  magnitudinum, motuum, p ro p o r t i ­
onumque, causae v e l  n a tu ra le s  v e l  a rc h e ty p ic a e  e x p lic a n tu r , e t s i c  p r in c ip ia  
d o c tr in a e  th e o r ic a e  dem o n stran tu r. Q vi, qvod v ice  svpplem enti 3±brorum 
A r i s to te l i s  de cae lo  e s s e t ,  c e r to  consi3i.o seo rsim  e s t  ed itu s  ( L e n t i i s a d  
Danubium: Excudebat Johannes P lan cu s, 1620); Epitomes astronom iae Coper-
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h is  works on th e  c e l e s t i a l  system . From th e  f i r s t ,  % rsterium  cosmograph- 
icum ( 15^ 6) , through,  th e  Astronomia nova (1609)^0 and th e  Harmonices mun­
d i  (1619)^ ^  to  th e  l a s t ,  th e  main f e a tu r e s  o f  h is  th eo ry  rem ained th e  same, 
K epler b e lie v ed  in  an harm onious, h e l io c e n t r ic  u n iv e rse  in  which th e  d i s ­
ta n ce s  o f  th e  p la n e ts  from  th e  Sun were p ro p o r t io n a l  to  th e  r a d i i  o f th e  
spheres in s c r ib in g  and c ircu m scrib in g  th e  f iv e  re g u la r  s o l i d s . T h e  de­
t a i l s ,  however, e s p e c ia l ly  th o se  d e ta i l s  concerned w ith  th e  fo rc e s  which 
moved th e  heavenly b o d ie s , were more e x p l i c i t l y  d e fin ed  i n  su ccess iv e  
p re s e n ta t io n  o f th e  system .
"When K epler conç)ared th e  c a lc u la t io n s  o f P la n e ta ry  p o s it io n s  based 
on th e  th eo ry  in  th e  % -sterium  cosmographicum w ith  th e  a v a i la b le  observa­
t i o n a l  d a ta , he found d is c re p a n c ie s  betw een th e  two. These d if fe re n c e s  he 
a t t r i b u t e d  to  two cau ses: The la ck  o f  a c c u ra te  a s tro n o m ic a l ta b le s  and th e
th e o r e t i c a l  d isp lacem ent o f th e  Sun from  th e  c e n te r  of th e  u n iv e rse  in  th e
n ican ae  v s i t a t a  forma quaestionum  & responsionum  c o n sc r ip ta e , l i b r i  7 .
V I. V II. quibus p ro p r ie  d o c tr in a  th e o r ic a  (p o s t  p r in c ip ia  l ib r o  IV .~ prae- 
m issa) congrehend itu r (F ra n c o fv r t i :  S u z^ tib u s  G o d efrid i T ançach ij, 1621).
A ll  a re  i n  K ep ler, Gesammelte Werke, V II.
^^Johann K ep ler, Prodromus d is s e r ta t io n v m  cosmographicarvm, con-  
t in e n s  m ysterivm  cosmographicvm, de a d m ira b il i  p ro p o r tio n e  orbivm c o e le s -  
tiv m , de qve c a v s is  coelorum  num eri, m a g n itu d in is , motuumque periodicoriaim 
g en u in is  & p r o p r i j s ,  dem onstratvm , p e r qvinqve r e g u la r ia  corpora geom etrica 
(Tvbingae: Excudebat G eorgius G ruppenbachius, 1$96) i n  K ep le r , Gesammelte"
Iferke, I ,  pp* 1-80.
^^Johann K ep ler, Astronom ia novayyTIOAoTHÏÏ)^» sev  ph y sica  co e le s ­
t i s ,  t r a d i t a  com m entariis de m otibvs s t e l l a e  m a r t is ,  ex o b se rv a tio n ib u s  G.
V. lÿ ch o n is  Brahe ( Ü B raga^: n . p . ,  I 6Û9 J .
Johann K ep ler, lo a n n is  K epp leri harm onices mvndi ( L in c i i  A u s tr ia e : 
Excudebat loannes P lan cv s, I 619) .
^^This id e a  was f i r s t  p re se n te d  i n  th e  % s te r iu m  cosmographicum, 
K ep ler, G e sa m e lte  Werke, I ,  pp . 23-50. Compare: K ep ler, Harmonices mundi,
p p . 1:8-66, 180-192,  and K ep ler, Epitome astro n o m iae  C opernicanae in  K ep ler, 
Gesammelte ¥ e rk e , V II, p p . 261i-2B9l
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Copernican system , K epler d id  l i t t l e  more th a n  comment on th e  f i r s t  of 
th e se . He c o rre c te d  th e  second by tra n sp o s in g  th e  c en te r  o f th e  E a r th 's  
o r b i t ,  and w ith  i t  th e  c e n te rs  o f a l l  p la n e ta ry  o r b i t s ,  from  a p o in t near 
th e  Sun to  th e  Sun i t s e l f . ^3 Few reasons were g iven to  j u s t i f y  or support 
t h i s  move, C opernicus would have used th e  Sun as the  cen te r of a l l  p lan e ­
ta r y  o r b i t s  i f  he had no t wished to  adhere to  P to lem y 's  system  as c lo se ly  
as p o s s i b l e ; t h e  o b se rv a tio n a l d a ta  would agree more c lo se ly  w ith  Kep- 
1 e r '3  t h e o r e t i c a l  c a lc u la t io n s  i f  such a change were to  be made. Y et, 
K e p le r 's  p rim ary  re a so n  f o r  p la c in g  th e  Sun in  th e  c e n te r  o f th e  u n iv e rse  
was n e i th e r  o f th e se  bu t h is  a b so lu te  knowledge th a t  th e  Sun was i n  th a t  
p o s i t io n .  For K epler th e  harmony o f c re a t io n  demanded a t r u l y  Sun-cen­
te re d  system .
As he had p o s tu la te d  th e  Sun to  be i n  th e  c e n te r  o f th e  p la n e ta ry  
o r b i t s ,  so K epler hypo thesized  th e  Sun to  be th e  agen t re sp o n s ib le  f o r  the  
p la n e ta ry  m o v e m e n t s . T h i s  c a u sa l r e la t io n s h ip  between th e  Sun and th e  
w anderers p re sen te d  a  concep tual d i f f i c u l t y  which th e  t r a n s f e r  of th e  o r­
b i t a l  c e n te rs  had n o t .  P lan e ta ry  motions had been cen te red  on s ta t io n a ry  
E arth  o r an equant i n  the  g e o c e n tr ic  system s. In  a h e l io c e n tr ic  system ,
^^K ep ler, }jysterium  cosmographicum i n  K epler, Gesammelte Werke, I ,  
pp. 30-5U.
^^I b id , , p , 50: "Ante omnia autem re te x e n d i numeri C o pern ic i, atque
p e c u l i a r i t e r  accommodandi su n t ad p raesen s  in s t i tu tu m . Ham e t s i  i l l e  s in e  
dubio centrum  t o t i u s  v n iu e r s i  in  corpore  s o l a r i  c o n s t i t u i t ;  tamen v t  c a l-  
culum iu u e t compendio, e t  ne nimium a Ptolemaeo recedendo, d ilig e n te m  e iu s  
lec to rem  tu r b e t .  . . . "
^^ Ib id . , p , 5 l :  "Quos numéros s i  re tin e re m  in  p ra e s e n t i  negocio;
i l lu d  incommodum s e q u e re tu r , qu&d a u t  e r ro r  com m ittere tu r in  in s c r ip t io n e ,  
dum te r r a e  o rb is  p ro  corpore c e n s e re tu r , q u i  s u p e r f ic ie s  sa ltern  e s s e t :  v t
v id e re  e s t  i n  p ra e ce d . T abe lla  X III . a u t o rb i  te r re n e  nullam , v t  c a e te r is  
re lin q u erem  c ra s s i t ie m . "
^^Ibid. ,  p , 70
l l i l
e i th e r  th e  s ta t io n a r y  Sun o r a d e s ig n a ted  p o in t near th e  Sun would be an 
eq u a lly  a ccep tab le  c e n te r .  The Sun had re p la ce d  th e  E arth  as th e  c e n tr a l  
p o in t o f th e  u n iv e rs e , bu t th e  c e n te r  in  one system was no d i f f e r e n t  as  a  
cen te r fo r  c a lc u la t io n a l  purposes th a n  i t s  p a r a l l e l  i n  th e  a l t e r n a te  scheme. 
This was n o t t r u e ,  however, when th e  c e n te r  o f  motion became, in  K ep ler’s 
th e o ry , a  cause of th e  m otion. The new th e o ry  could no longer be consid­
ered sim ply a change i n  co o rd in a te  system s f o r  com putational pu rposes.
Throughout a n t iq u i ty  and th e  î-Iiddle Ages many id eas  concern ing  ce­
l e s t i a l  m otions had gone v i r t u a l l y  unchallenged . A Prime Mover was the 
p r in c ip a l  e f f i c i e n t  cause of a l l  heaven ly  m otions. This Prime Mover was 
beyond th e  sp here  o f th e  f ix e d  s t a r s  and -was u n lik e  an y th in g  e ls e  in  th e  
u n iv e rse . Below t h i s  Movaz} th e  heaven ly  sp h e re s , each w ith  i t s  own n a t­
u r a l  m otion , c a r r ie d  th e  f ix e d  and w andering s ta r s  around th e  E a rth . Not 
a l l  w r i te r s  accep ted  th e  tra n sm iss io n  of m otion from one sphere  to  a n o th e r , 
bu t a l l  who assumed such a  t r a n s f e r  agreed  th a t  the  m otion could be t r a n s ­
m itted  only from  th e  o u te r spheres tow ard th e  c e n te r . The s p h e r ic a l  motion 
o f low er spheres could no t be t r a n s f e r r e d  to  o u te r spheres or a f f e c t  them 
in  any way. The h e l io c e n t r ic  system  o f th e  Be re v o lu tio n ib u s  w ith  i t s  
non-moving sphere  o f f ix e d  s t a r s  had e lim in a te d  a Prime Mover beyond th e se  
s ta r s  and any t r a n s f e r  o f m otion from  one c e l e s t i a l  body to  an o th e r; each 
sphere had sim ply r e ta in e d  i t s  own n a tu r a l  motion.
In  h is  f i r s t  system , K epler k e p t th e  spheres o f th e  Copernican system  
bu t re tu rn e d  to  a  one-mover concept. This mover he p laced  in  an unmoved
37 There i s  a t  l e a s t  one ex ce p tio n  to  t h i s ,  Levi ben Gerson (1288- 
13lili) p laced  th e  source of motion in  th e  E a rth  or n ea r i t ;  t h i s  source 
tra n sm itte d  i t s  m otion outward from  th e  E a rth  to  th e  sp h eres .
38C opernicus, De re v o lu tio n ib u s , pp , 133 verso-196 r e c to .
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cen ter. He then changed the o r ien ta tio n  o f the ca u se -e ffec t r e la t io n
from a cen tra lly  d irected  to  a c en tr a lly  d ispersed  fo rce . Moreover h is
mover was a known c e l e s t i a l  body, the Sun, not the tr a d it io n a l, vague,
in d e f in ite  Prime Mover of a n tiq u ity .
■When he wrote the % sterium  cosmographium, Kepler had no force
other than the tr a d it io n a l anima to  implant in  the Sun and l i t t l e  demand
from the physics o f h is  system  to  p lace  i t  th ere . In order to  account
fo r  e c c e n tr ic i t ie s ,  he assigned a depth to  each o f the o r b ita l spheres,
but he had not discarded th e concept o f  uniform c ircu la r  motion fo r  the  
39c e l e s t ia l  b od ies. Such movements were natural fo r  heavenly o b jects  and 
an ind w ellin g  anima in  each p lanet would have been a s u f f ic ie n t  tr a d i­
t io n a l  explanation fo r  planetary m otions. Y et, fo r  Kepler i t  was n o t. He 
not only made the Sun the center o f th e planetary o r b its , he used th e Sun 
to  keep th ese  wandering s ta r s  wandering.
Kepler’s d iscu ssio n  of the Sun as the new Prime Mover of the so la r  
system  i s ,  in  th e % sterium  cosmographium, l i t t l e  more than repeated s t a t e ­
ments th at the Sun does move the p la n e ts . He presented an e ith e r -o r  s i t ­
uation:
Quod s i  tamen p ra ec is iu s  etiam  ad veritatem  accedere, e t  proportionum  
aequalitatem  vllam  sperare velim us; duorum alterum statuendum e s t :  
aut M otrices animas, quo sunt a So le  rem otiores, hoc e sse  im b e c i l l i -  
ores: au t, vnam esse  motricem animam in  orbium omnium centro , s c i ­
l i c e t  in  Sole: quae, v t  quod libet corpus e s t  v ic in iu s , i t a  vehemen-
t iu s  in c i t e t :  in  rem otioribus propter elongationem  e t atténuationem
v ir t u t is  quodammodo l a n g u e s c a t . ^ 0
39Kepler, %-sterium cosmographium in  K epler, Gesammelte "Werke, I ,
pp . U8-U9, 75-77.
^^Tbid, ,  p , 70: "Because i f ,  however, more con cise ly  we wish even
to  approach to  the tru th  and to  hope fo r  any eq u ality  o f proportion, i t  
i s  s e t  fo r th  in  one of th ese  two; e ith e r  th e  so u l motors, which are fa r ­
th er  from th e Sun, are weaker, or th ere  i s  one so u l motor in  the center
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Although th e re  was no reaso n  why th e  anima i n  some p la n e ts  could n o t have 
been  weaker th a n  th o se  in  o th e rs  and th e r e  were many ob jections to  assum­
in g  a c e n t r a l  anima f o r  th e  e n t i r e  sy stem , K epler considered only one so­
lu t io n  p o s s ib le .  A fte r  p re s e n tin g  th e  two c o n s id e ra tio n s , he im m ediately 
accep ted  th e  second a l te r n a t iv e  and e x to l le d  th e  r o le  o f the Sun;
S ic u t i g i t u r  fons L ucis i n  Sole  e s t ,  e t  p rin c ip iu m  c i r c u l i  i n  loco  
S o l i s ,  s c i l i c e t  i n  c e n tro : i t a  nunc v i t a ,  motus e t  anima mundi in
eundem Solem r e c i d i t  : v t i t a  fix a ru m  s i t  q u ie s ,  Planetarum a c tu s
secundi motuum; S o lis  a c tu s  ip s e  p rim us: q u i in c o m p a rab ilite r  no-
b i l i o r  e s t  a c tib u s  s e c u n d is in  reb u s omnibus: non secus a tq u e  S o l
ip se  e t  s p e c ie i  p u lc h r i tu d in e ,  e t  v i r t u t i s ,  e f f i c a c i a ,  e t lu c is  
sp len d o rs  c a e te r is  omnibus longe p r a e s t a t .  H ie iam longe r e c t iu s  
in  Solem competunt i l i a  n o b i l i a  e p i th e ta .  Cor mundi, Rex, Im pera to r 
s te l la ru m , Deus v i s i b i l i s ,  e t  r e l iq u a .
I n  C hapter XXII o f th e  % s te r iu m  cosmographicum, Kepler used h is  
th eo ry  o f th e  decrease  o f th e  S u n 's  v ig o r as  th e  d is ta n c e  from th e  Sun 
in c re a se d  to  e x p la in  th e  v a r ia t io n  of speed i n  th e  o r b i t  of a given p la n ­
e t .  The p la n e t  moved more slow ly  a t  a p h e lio n  because i t  was th e n  l e a s t  
in f lu e n c e d  by th e  Sun. At th i s  tim e , however, he gave no fu r th e r  ex p la ­
n a tio n  o f  th e  n a tu re  o f t h i s  fo rc e  o r any new re a so n  f o r  i t s  lo c a t io n  a t  
th e  c e n te r  of th e  u n iv e r s e .^
T h ir te e n  y ea rs  l a t e r  when he p u b lish ed  th e  Astronomia nova, Kep-
of a l l  th e  o r b i t s ,  whereby in  th e  Sun; w hich, as w hatever body i s  n e a re r , 
t h i s  i t  i n c i t e s  more vehem ently; i n  f a r t h e r  ones because of t h e i r  d is ta n c e  
and th e  a t te n u a t io n  of th e  power i t  lan g u ish es  in  some measure. "
^ ^ b i d «, p . 70: "T herefore  as th e  f o n t  of l i g h t  i s  in th e  Sun, and
th e  o r ig in  o f th e  o r b i t  i s  in  th e  p la c e  o f th e  Sun, th e reb y  in  th e  c e n te r , 
so now th e  l i f e ,  m otion and so u l o f th e  w orld r e s id e s  in  the same Sun; 
th u s  as r e s t  i s  o f the  f ix e d  s t a r s ,  th e  a c t io n  o f th e  second m otion o f 
th e  p la n e ts ,  th e  a c t io n  of th e  Sun i s  i t s e l f  f i r s t .  Which is incom parably 
n o b le r th a n  th e  secondary a c ts  i n  a l l  th in g s ;  no d i f f e r e n t ly  th a n  th e  Sun 
i t s e l f  by i t s  s p e c ia l  b eau ty , i t s  e f f ic a c y  o f v i r tu e  and splendor o f l i g h t  
p recedes by f a r  a l l  th e  o th e rs .  Those nob le  e p i th e t s —h e a r t o f  th e  w orld , 
k in g , r u l e r  o f th e  s t a r s ,  v i s ib le  God, and th e  r e s t — come to g e th e r more 
r ig h t ly  i n  th e  Sun."
^ I b i d . ,  p p . 7^-77.
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1 er could sp e c ify  th e  n a tu re  o f th e  fo rce  i n  th e  Sun and give some r e a ­
sons f o r  i t s  be ing  th e r e .  His need f o r  such a fo rc e  had become p re s s in g , 
f o r  h is  new hypotheses th a t  th e  p la n e ts  moved in  e l l i p t i c a l  o rb i t s  w ith  
vary ing  speeds e lim in a te d  n a tu ra l  uniform , c i r c u la r  motion from  th e  s y s ­
tem; th e  o th e r " n a tu ra l"  m otion, r e c t i l i n e a r ,  was o f l i t t l e  use in  a s t r o ­
nom ical th e o ry . But in  G i lb e r t 's  magnetism he found a fo rc e  th a t  seemed 
s u i ta b le ,^ ^
In  th e  s e c tio n  devoted to  th e  p hysics  o f astronom y, ch ap te rs  t h i r t y -  
th re e  to  fo r ty - tw o , K epler s ta r te d  by a s s e r t in g  "V irtutem  quae P la n e ta s  mo- 
v e t ,  r e s id e re  i n  corpore  S O L I S . B e c a u s e  th e  speeds o f th e  p la n e ts  were 
p ro p o r t io n a l  to  t h e i r  d is ta n c e s  from  th e  Sun, because th e  Sun was in  th e  
c e n te r  o f  th e  u n iv e rs e , and because th e  Sun was th e  source of h e a t and l i g h t ,  
i t  was a l s o ,  f o r  K ep ler, th e  c e n te r  and sou rce  of th e  p la n e ta ry  m otions.
The arguments g iven  were much th e  same as th o se  p resen ted  e a r l i e r ,  b u t they  
were p resen ted  in  g re a te r  d e t a i l  and th e  "m otrix  anima" of the  % s te r iu m  
had been changed to  a  "v ir tu te m  motricem" in  th e  Astronomia nova.
Having esta b lish ed  th is  virtutem  motricem in  the Sun as the cause
^^Kepler, Astronomia nova, pp, 172-177; Gerald Holton, "Johannes 
K eeler 's  Universe; I t s  Physics and M etaphysics," American Journal o f  
P h ysics, XXIV (19 5 6 ), pp, 3hO-3^1.
^^Ib id . , p , 167 : "The v i r tu e  which moves th e  p la n e ts  re s id e s  in
th e  body of th e  s u n ."
^^ Ib id . ,  pp, I 67- I 72 . In  th e  Epitome astronom iae C opernicanae, 
(K ep ler, Gesammelte Werke, V II, pp, 311-312) K epler rev e rsed  t h i s  argument 
and p laced  th e  c e n te r  of th e  p la n e ta ry  o rb i t s  in  th e  Sun because th e  Sun 
was th e  source o f th e  p la n e ta ry  movements.
^^K epler, Kjysterium cosmographium in  K epler, Gesamnelte Werke, I ,  
p , 7O; Astronomia nova, p . l6b% In  th e  second e d it io n  of th e  M ysterium 
cosmographium p u b lish ed  in  1623, K epler added notes which in c o rp o ra te d  some 
o f h is  l a t e r  th e o r ie s  in to  h is  f i r s t  work. A fte r Chapter XX, he m odified  
th e  anim a; "S i pro voce anima vocem vim s u b s t i tu a s ,  habes ipsissim um
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o f  p la n e ta ry  m o tio i^ , K epler proceeded to  d e sc r ib e  t h i s  power and to  ex­
p l a i n  how i t  o p e ra ted . The d e s c r ip t io n  he based on a  comparison of the  new 
power o f  th e  Sun w ith  a  w e ll known s o la r  a t t r i b u t e ,  l i g h t .  The m otive v i r ­
tu e  was l i k e  l i g h t  i n  many r e s p e c ts .  Both extended from  th e  Sun in  a l l  d i ­
r e c t io n s ;  b o th  t r a v e le d  in s ta n t ly  from  source to  o b je c t ;  bo th  were immate­
r i a l  su b stan ces  inç)lan ted  in  th e  Sun by the prov idence of th e  C reato r. The 
two a ls o  d i f f e r e d  i n  many re s p e c ts .  L ight d isp la y ed  an in v e rse  square law 
i n  i t s  r a t e  of d e c rea se ; v ir tu e  an in v e rse  f i r s t  power law . An opaque body 
cou ld  s to p  l i g h t  b u t i t  d id  not inçede  th e  v i r t u e .  l i g h t  a f fe c te d  only th e  
su r fa c e  of an  o b je c t ;  m otive v i r tu e  p e n e tra te d  th e  e n t i r e  su b stan ce .
A lthough th e  v i r tu e  th u s  d e sc rib ed  could have been  e i th e r  th e  a n i­
m is t ic  power d e sc rib e d  in  th e  ^ s t e r iu m  cosmographium or th e  l i g h t - l i k e  
p ro p e r ty  d e sc rib e d  w ithou t a  v i t a l  p r in c ip le ,  th e  l i f e - l i k e  agent in  the  
e a r l i e r  work was no lo n g er a ccep tab le  t o  K epler. In  th e  Astronomia nova 
he posed th e  q u e s tio n  "quale  i g i t u r  corpus e sse  S o lis  putam, a  quo haec 
s p e c ie s  m o trix  descendit?"^®  H is answ er, g iven  a f t e r  a  d isc u ss io n  o f th e  
s i m i l a r i t i e s  and d if f e r e n c e s  betw een th e  body of th e  Sun and a  magnetic 
body, was:
I ta q u e  p la u s ib i l e  e s t ,  cum t e r r a  Lvnam c ie a t  p e r  speciem , s i tq u e  
corpus magneticum; & S o l P la n e ta s  c ie a t  s im i l i t e r  p e r  emissam
p rin c ip iu m , ex quo p h y sica  c o e le s t is  i n  Comment. M artis  e s t  c o n s t i tu te ,  e t  
l i b .  17. Epitomes A s tr ,  e x c u l t a ." Johann K epler, Jo an n is  K ep leri astronom i 
opera  omnia, ed . Ch. F r is c h , I  (F ra n k o fu rti  a .m .: Heyder & Zimmer, 185B),
p . 176 .
^^K epler, Astronom ia nova, pp . 170-172, 177-178; Epitome astronom iae 
Copernicanae i n  K ep ler, Gesammelte Werke, 711, pp. 303-3^5%
^^K epler, A stronom ia nova, p . 176: "o f what n a tu re , th e re fo re , do
I  th in k  th e  body o f th e  Sun to  b e , from which t h i s  motor sp ec ie s  descends?"
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speciem ; Solem i ta q u e  s i m i l i t e r  corpus e sse  magneticum.^^
This m agnetic p ro p e rty  o f  th e  Sun was re ta in e d  in  h is  subsequent a s t r o ­
nom ical system s
In  o rd er to  e x p la in  how t h i s  v i r tu e  moved th e  p la n e t s ,  K epler a s ­
signed  a  r o ta t io n a l  m otion to  th e  Sun:
Specie ergo raota i n  gyrum, u t  eo motu motum P la n e t i s  i n f e r a t ,  cor­
pus S o l i s ,  seu  fontem , una m overi necesse  e s t ;  non quidem de spac io  
i n  spacium  mvndi: d ix i  enim me id  corpus S o lis  cum Copernico in  cen­
t r e  mundi r e l in q u e re :  sed  super suo c e n tre , seu  ax e , im m obilibus;
p a r t ib u s  e ju s  de loco  i n  locum ( i n  eodem tamen sp a c io , to to  corpore 
manente) tra n se u n tib u s
Tiîhen he f i r s t  p o s tu la te d  t h i s  s o la r  movement in  th e  Astronom ie nova, Kep­
l e r ,  by assum ing th a t  th e  r a t i o  o f th e  Moon's d is ta n c e  from  th e  E arth  to
th e  Luna r  p e r io d  was e q u a l to  th e  same r a t i o  betw een Mercury and th e  Sun,
£̂2c a lc u la te d  a  th re e -d a y  s o la r  r o t a t i o n a l  p e r io d .^  A fte r  G a lile o  pub lish ed
^^I b id . , p . 177Î "T h e re fo re  i t  i s  p la u s ib le ,  as th e  E a rth  moves th e  
Moon by i t s  s p e c i f ic  n a tu r e ,  and i s  a  m agnetic body, and th e  Sun moves th e  
p la n e ts  i n  l i k e  manner by i t s  s p e c i f ic  em ission: and th u s  s im ila r ly  th e
Sun i s  a  m agnetic  body."
^ % e p le r .  Epitome astronom iae  Copernicanae i n  K ep le r , Gesammelte 
Werke. V II, p p . 31Ü-.315. passim è k e p le r  d id  no t d e a l s p e c i f i c a l ly  w ith  
th e  p h y sics  o f h is  system Tin th e  Harmonices mundi; th e re  a r e ,  however, r e ­
peated  re fe re n c e s  to  h is  d is c u s s io n  o f t h i s  s u b je c t in  th e  Astronomie nova 
and th e  Epitome astronom iae C opernicanae, as w e ll a s  s e v e ra l  re fe re n c e s  to  
th e  in n a te  v i r t u e  in  th e  Sun, H encefo rth , no a ttem p t w i l l  be made in  th i s  
study  to  t r a c e  th e  developm ent o f th e  d e ta i l s  o f K e p le r 's  m agnetic  th e o ry . 
Since th e  Epitome astronom iae  Copernicanae i s  o rgan ized  on a  question -answ er 
p lan  and i s  th e  l a s t  o f  h is  system s to  be p u b lish e d , most o f  th e  rem aining 
d is c u s s io n  o f  K e p le r 's  th e o ry  has been  based on t h i s  work.
^ ^ e p l e r .  Astronomie nova, p . 173: "T h ere fo re , s in c e  th e  m otion o f
th e  p la n e ts  i s  in f e r r e d  from  i t s  m otion, th e  m otion by n a tu re  in  a  c i r c l e ,  
th e  body o f th e  Sun, o r  f o n t ,  must be moved; n o t a s  from  one space to  an­
o th e r i n  th e  w orld : I  say  t h a t  I  le av e  th e  body o f  th e  Sun w ith  Copernicus
i n  th e  c e n te r  o f th e  w orld ; b u t upon i t s  c e n te r , o r a x is  i t s  p a r t s  move from 
p lace  t o  p la ce  ( in  th e  same sp ace , however, th e  whole body rem ain in g ). " 
Compare K ep ler, Epitome astronom iae  Copernicanae i n  K ep ler, Gesammelte 
Werke, V II, pp . 299-300.
^^K ep ler, Astronomie nova, p . 175.
1 2 0
h is  o b s e rv a tio n a l d a ta  on Sun s p o ts , K epler adopted a longer tw e n ty -s ix
do
day s o la r  p e rio d .^ ^  The le n g th  of tim e n ecessa ry  f o r  one r e v o lu tio n  o f 
th e  Sun ab o u t i t s  a x is  was, however, o f l e s s e r  im portance to  K epler th a n  
th e  tu rn in g  i t s e l f .  This m otion he a t t r i b u t e d  to  an anima^^ r e s id in g  in  
th e  Sun which tu rn e d  th a t  globe about i t s  a x is ;  as  th e  body o f th e  Sun 
tu rn e d ;:h e  orb o f  v i r tu e  which extended from  th e  Sun due to  i t s  m agnetic 
c h a ra c te r  a ls o  tu rn e d  and th e reb y  moved th e  p la n e ts :
Kimirum co rpo re  S o lis  converso, v i r t u s  e tiam  i s t a  c o n v e r t i tu r ,  que- 
madmodum magnate converso , v is  p a r t i s  vn ius t r a c t o r i a  in  p la g as  mundi 
a l i a s  a tque  a l i a s  t r a n s f e r t u r. Cumque S o l i l i a  v L rtu te  s u i  c o rp o ris  
a r r i p u e r i t  p lanetam , seu  trah en s  i l iu m , seu  r e p e l le n s ,  seu  dubius in ­
t e r  vtrum que; secum e tiam  circum ducit i l iu m , e t  cum i l l o  f o r t è  e tiam  
omnem aurara aetheream  circum f^am , Trahendo quippe e t  re p e lle n d o  r e -  
t i n e t ,  re tin e n d o  c ircu m d u cit,55
Q u a l i ta t iv e ly  t h i s  system  was e n t i r e ly  s a t i s f y in g .  The Sun in  the  
c e n te r  o f th e  system  em itted  a  v i r tu e  which extended  to  a l l  o f th e  p la n e ts ;
as th e  Sun tu rn e d  about i t s  a x is ,  th e  v i r tu e  tu rn e d  and c a r r ie d  th e  p la n e ts
w ith  i t .
Q u a n t i ta t iv e ly ,  however, th e  system  was n o t p le a s in g . I f  th e  Sun-s 
r o ta t io n  moved a l l  o f  th e  p la n e ts  and i f  th e  v i r tu e  dim inished by an  in v e rs e  
f i r s t  power law , th e  p la n e ta ry  p e rio d s  should  have been d i r e c t ly  p ro p o r tio n ­
a l  to  th e  p la n e ta ry  d is ta n c e s  from th e  Sun. They were n o t. R ather th a n  r e -
^^K epler, Epitome astronom iae Copernicanae in  K ep ler, Gesammelte 
Werke, V II, p .  2SW.
^^ I b id . ,  pp . 92- 93 .
^ ^ I b id . ,  p. 3 OI: " In d u b ita b ly  by th e  tu rn in g  o f th e  s o la r  body th e
v ir tu e  to o  i s  tu rn e d , j u s t  a s  by th e  tu rn in g  of a  lo ad sto n e  th e  a t t r a c t i v e
fo rc e  of one p a r t  i s  t r a n s f e r r e d  to  d i f f e r e n t  reg io n s  o f th e  w orld . And 
s in c e  by means o f  th a t  v i r tu e  o f i t s  body th e  sun has l a id  ho ld  o f th e  p lan ­
e t ,  e i th e r  a t t r a c t i n g  i t  o r  r e p e ll in g  i t ,  o r h e s i t a t in g  bettveen th e  two, i t  
makes th e  p la n e t a lso  rev o lv e  w ith  i t  and to g e th e r  w ith  th e  p la n e t perhaps 
a l l  th e  su rround ing  e th e r .  Indeed, i t  r e t a i l ^  them by a t t r a c t i o n  and re p u l­
s io n ; and by r e t e n t io n  i t  makes them re v o lv e ."  E n g lish  t r a n s la t io n  from  
K ep ler, Epitom e, G reat Books, XVI, p . 899.
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s t r i c t  th e  power of th e  Sun, K epler p laced  th e  cause o f th e  in e q u a lity  in  
o th e r  f a c to r s .  The f i r s t  of th e se  was "quod P la n e ta e  corpus n a tu ra  in -  
c lina tum  s i t  ad quietem  in  omni lo c o , i n  quo s o l i ta r iu m  p o n itu r .
On th i s  p la n e ta ry  in c l in a t io n  to  r e s t ,  in tro d u ce d  as  an undeter­
mined f a c to r  i n  th e  Astronomie nova, K ep ler p laced  d e f in i t e  s p e c if ic a t io n s  
i n  th e  Epitome astronom ie  C opernicanae. He p o s tu la te d  th a t  th e  r a t i o  b e ­
tw een th e  r e s t  f a c to r  i n  any p la n e t to  t h a t  in  th e  nex t f a r th e s t  p lan e t was 
p ro p o r t io n a l  to  th e  o n e -h a lf  power o f th e  r a t i o  o f  t h e i r  d is ta n c e s  from th e  
Sun.^^ K epler gave no reaso n  fo r  t h i s  r a t e  o f in c re a s e ,  b u t from  the  use 
which he made o f i t ,  i t  would seem t h a t  th e  increm ent was so determ ined as 
to  g ive t h e o r e t i c a l  su p p o rt to  th e  r e la t io n s h ip  K epler had p o s tu la te d  b e ­
tw een th e  p la n e ta ry  d is ta n c e s  from  th e  Sun and t h e i r  p e r io d s . S ince K epler 
considered  th a t  h is  r e s t  p r in c ip le  had to  r e s id e  i n  a  m a te r ia l  body, th e  
p la n e t s ,  l i k e  th e  E a rth , were c o rp o rea l g l o b e s . T h e  volumes occupied by 
th e  p la n e ts  in c re a se d  i n  th e  same r a t i o  as d id  t h e i r  d is ta n c e s  from  the 
Sun; th e  r e s t  p ro p e r ty , however, was in  no way dependent upon th e  volume 
o f th e  p la n e t .
Along w ith  t h i s  in h e re n t tendency to  s ta y  a t  r e s t ,  K epler endowed
do
each p la n e t  w ith  a  m agnetic v i r t u e .  This power was no t id e n t i c a l  to  th e  
v i r tu e  i n  th e  Sun: That from  th e  Sun was s tro n g e r  and extended to  the p la n ­
e t s  w hile  th e  v i r tu e  from  th e  p la n e t could n o t a f f e c t  th e  Sun; th e  magnetic
^^K epler, Astronomia nova, p . 186: "That th e  body o f th e  P lanet is
in c l in e d  by n a tu re  to  r e s t  i n  any p la c e  in  which i t  i s  p laced  by i t s e l f . "
K ep ler, Epitome astronom iae Copernicanae i n  K ep ler, Gesammelte 
W erke, ¥11, pp . 306-30?.
^^I b id ,  p p . 283-283.
^ ^ I b id . , p p . 319-321; K epler, A stronom ia nova, pp . 269-272.
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n a tu re  o f th e  o th e r  p la n e ts  was s im ila r  to  th a t  o f th e  E a rth  as G ilb e r t  
had d e sc rib e d  i t .  Each p la n e t ,  th e re fo re , had two u n lik e  p o le s  which had 
a f ix e d  o r ie n ta t io n  w ith  re s p e c t to  th e  f ix e d  s t a r s  and a l s o ,  i n  K e p le r 's  
system , w ith  r e s p e c t  to  th e  body of th e  Sun. The two m agnetic  re g io n s  in  
th e  Sun were n o t co n cen tra ted  in  po les bu t in  the  c e n te r  and on th e  s u r ­
fa c e  o f  t h a t  g lo b e . Thus, th e  pole o f a  p la n e t which was u n lik e  th e  s u r ­
fa c e  o f  th e  Sun was a t t r a c t e d  to  th a t  body w hile  th e  po le  which was l ik e  
th e  su rfa c e  was r e p e l le d .  However, s in c e  th e  s p a t i a l  o r ie n ta t io n  o f  th e  
p la n e ta ry  p o le s  was c o n s ta n t as  th e  globe moved around th e  Sun, th e  p la n e t  
was a t  some p o in ts  i n  i t s  o r b i t  drawn towaixi th e  Sun and a t  o th e rs  pushed 
from  i t .  This v a ry in g  a t t r a c t i v e  and re p u ls iv e  fo rc e  e x e r te d  by th e  Sun 
on th e  p la n e t  b rought i t  c lo s e r  and th e n  f a r th e r  from th e  Sun and a id e d  
th e  in c re a s e  and d ecrease  o f  th e  o r b i t a l  s p e e d .^
The m agnetic v i r t u e  a ls o  accounted f o r  th e  p la n e t 's  s tra y in g  from  
th e  e c l i p t i c ,  governed th e  p la n e t 's  r o ta t i o n a l  motion i f  i t  had one, and 
c o n tro lle d  any secondary  p la n e ts  or s a t e l l i t e s .  The v i r tu e  which extended 
from  a r o ta t in g  p la n e t  a ls o  g y ra ted , and as th e  S un 's  v i r tu e  c a r r ie d  th e  
p la n e ts  so a p l a n e t 's  v i r tu e  c a r r ie d  i t s  s a t e l l i t e s  around t h e i r  c e n te r .
The s a t e l l i t e s  had no need f o r  such a  v i r tu e  o r motion as  th e re  were no 
globes dependent upon them.
W ith th e  placem ent o f th e  m agnetic v i r tu e  i n  the  p la n e ts ,  K epler had 
extended h i s  concept o f fo rc e  from  th e  c e n te r ,  the  Sun, to  o th e r su b o rd i­
n a te  members o f th e  system ; y e t ,  he had no t allow ed fo r  any m utual a c t io n
^^K epler, Epitome astronom iae Copernicanae in  K ep ler, Gesammelte 
Werke, V II , pp . 299-301, 325-330, 335-3h2.
^ ^ i d . , pp . 315, 318-319, 3h3-3h6,
^ ^ I b id . ,  p .  319 .
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between a  body and th e  globes governed by i t .  The Sun c o n tro lle d  th e  mo­
t io n  o f th e  p lan e ts^  and th e  p la n e ts  w ith  th e  Sun c o n tro lle d  th e  secondary 
p la n e t s ,  b u t no l e s s e r  body could in f lu e n c e  th e  movement o f a  g re a te r  
o n e . T h e  system  con tained  s u f f i c i e n t  m otors to  accoun t th e o r e t ic a l ly  
f o r  any la c k  o f harmony i n  th e  m otions w ith in  the  system , b u t th e  mathe­
m a tic a l  d e t a i l s  concern ing  th e  mode o f o p e ra tin g  and combining among th e  
m otors v a r ie d  from  one p a r t  o f th e  system  to  a n o th e r .
Thus, i n  e x p la in in g  th e  r a t i o s  o f th e  p e r io d ic  tim e s , K epler a s s ig n ­
ed fo u r  causes f o r  th e  p la n e ta ry  p e r io d s : The len g th  of th e  o r b i t ,  th e  in ­
e r t i a  o f th e  p la n e t ,  th e  amount o f v i r tu e  re c e iv e d  from  th e  Sun and th e  a -  
mount o f  space occupied by th e  p la n e t ,  K epler assumed th a t  th e  amount o f 
v i r t u e  re c e iv e d  from  th e  Sun decreased  a t  th e  same r a t e  t h a t  th e  q u a n tity  
o f space occupied by th e  p la n e t  in c re a se d  so th e se  two f a c to r s  canceled  each 
o th e r .  The r e la t io n s h ip  between p la n e ta ry  d is ta n c e s  and p e r io d ic  tim es was 
j u s t i f i e d ,  th e re fo re ,  by th e  a d d i t io n  of th e  o r b i t a l  f a c to r  which was d i r e c t ­
ly  p ro p o r t io n a l  t o  th e  d is ta n c e  from  th e  Sun and th e  i n e r t i a l  f a c to r  which 
in c re a se d  by th e  o n e -h a lf  power o f th e  i n t e r v a l  between su ccess iv e  p la n e t s ,
Of th e se  fo u r  c au ses , only  one—th e  p ro p o r tio n  between th e  o r b i t a l  len g th  
and th e  d is ta n c e  from  th e  Sun—had a non-K eplerian  b a s i s .  A ll  th e  o th e rs  
in c lu d in g  th e  a d d i t iv e  n a tu re  o f th e  fo rc e  f a c to r s  were assum ptions made by 
K epler.
To show why th e  E a rth  made 36^4 re v o lu tio n s  i n  th e  course of one
I b id , ,  p .  336 : This i s  s ta t e d  by K epler o n ly  f o r  th e  v i r tu e  of
a  p la n e t  i n  re g a rd  to  th e  Sun; however, he never m entions th e  e f f e c t  of a 
l e s s e r  body upon a  g re a te r  one when c a lc u la t in g  the  m otions o f a g lobe.
^^ I b id . , pp , 306- 3 0 7 .
^ ^ I b id , ,  p p , 307- 308 ,
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c i r c u i t  around th e  Sun r a th e r  th a n  th e  36O which was th e  proxim ate a rch e ­
ty p e , K epler used no p ro p o r tio n . He sim ply s ta te d  " re s id u e s  e t  v e lu t i  
supernum erarias re v o lu tio n e s  quinque cum q u ad ran te , accedere  i l l i s  36O, 
p ro p te r  adjumentum ex S o le ."^ ^  This added a id  from  th e  Sun was a ls o  r e ­
sp o n sib le  fo r  th e  Moon's making tw elve and o n e - th ird  r a th e r  th a n  tw elve 
re v o lu tio n s  p e r  y e a r  around th e  E a r t h . I n  each case th e  d if fe re n c e  be­
tween what harmony demanded and what o b s e rv a tio n a l d a ta  o ffe re d  was ex­
p la in e d  by a th e o r e t i c a l  c o n s id e ra tio n ; i n  none o f them d id  K epler give 
th e  f i n e r  d e t a i l s ,  i f  indeed such e x is te d ,  o f h i s  th e o ry .
"While he in s i s t e d  upon p h y s ic a l fo rc e s  c o n tro l l in g  p la n e ta ry  move­
m ents, th e  fo rc e s  were o f le s s  i n t e r e s t  t o  K epler th an  th e  harm onies p ro ­
duced by them . He fo rm u la ted  no m athem atica l e x p re ss io n  governing magnet­
i c  phenomena; he gave no sim ple s ta tem en t f o r  c e l e s t i a l  fo rc e s  comparable 
to  h is  laws d e sc r ib in g  p la n e ta ry  m otions; he d id  n o t presume a  r e c ip ro c a l  
a c t io n  among th e  heavenly  b o d ies  b u t k ep t a  h ie r a r c h ic a l  g lo b a l system .
The u n d erly ing  m athem atical s t r u c tu r e  t h a t  K epler a t t r ib u te d  to  th e  forma­
t io n  o f th e  u n iv e rse  extended to  th e  p h y s ic a l  fo rc e s  o p e ra tiv e  in  t h a t  u- 
n iv e rse  only i n  a  l e s s e r  d eg ree . He seems to  have had no "a p r i o r i "  knowl­
edge o f  a  geom etric p a t te r n ,  s im i la r  to  th e  unique f iv e  r e g u la r  s o l id s ,  to  
use as  a  model fo r  th e  m otive fo rc e s  in  h i s  system . Perhaps he never asked 
h im se lf what was th e  m athem atical a rch e ty p e  f o r  th e  causes o f c e l e s t i a l  mo­
t io n s .  W ithout th e  q u e s tio n , an answer was im p o ssib le .
^^ b i d . , p . 3 1 6 ; " th e  3?  rem aining and a s  i t  were supernum erary 
re v o lu tio n s  a re  added to  th o se  360 on accoun t o f  some a s s is ta n c e  from  th e  
Sun." E n g lish  t r a n s l a t i o n  from  K epler, Epitom e, G reat Books, X7I, p . 916.
^"^Kepler, Epitome astronom iae Copernicanae in  K ep ler, Gesammelte 
Werke, 711, pp . 3^2-353.
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K epler was n o t th e  only  w r i te r  who in co rp o ra ted  magnetism in to  h is  
system . Only a  y e a r a f t e r  th e  p u b lic a t io n  o f G i lb e r t 's  De m agnete, Nicho­
la s  H i l l  (1^70- 1610) in c lu d e d  tw elve arguments defending  G i lb e r t 's  m agnet-
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i c  p ro p e rty  o f th e  E a rth  in  h is  P h ilo so p h ie  E p icu rea . H i l l ,  a  fe llo w  o f 
S a in t  Jo h n 's  C o llege, O xford, s e c re ta ry  to  th e  E a r l  o f Oxford and a  depend­
e n t o f Heniy P ercy , E a r l  o f N orthum berland, p re sen te d  no t a  u n if ie d  p h i lo s ­
ophy based  on a to m is t ic  p r in c ip le s  b u t a  c o l le c t io n  of over f iv e  hundred
69s h o r t  comments covering  a  wide range o f to p ic s .  I n  some in s ta n c e s  he
70grouped th e  s ta tem en ts  on one to p ic  to g e th e r  under a  common h ead ing , a t
o th e r  tim es he changed from  one s u b je c t  to  an o th er w ithou t w a r n i n g . T h e
whole p re se n ts  n e i th e r  a  com plete cosm ological system  nor a d e ta i le d  a s t r o ­
nom ical p la n , and i t  i s  im p o ssib le  to  form  e i th e r  from  i t .
H i l l  formed h is  cosmos o f  "prim a corpuscula" which were "vere s o l i -  
d a , im p e n e tra b il ia , i n a l t e r a b i l i a ,  m u ltifo rm ia , and in  c o n s ta n t random
m otion .73 From th i s  p o in t on H i l l ' s  atomism b o re  l i t t l e  resem blance to  
t h a t  o f th e  c l a s s i c a l  a to m is ts . He inc luded  th e  S c h o la s t ic  te ac h in g  th a t
God was th e  prim ary e f f i c i e n t  cause o f a l l  e f f e c t s :
68N icholas H i l l ,  P h ilo so p h ia  E p icv rea . D em ocritiana, T h eo p l^as tica  
p ro p o s ita  s im p l ic i te r .  non ed octa  (boloniae Allobrogvm: P ro s ta n t in  O ff ic in a
F a b ria n a , 161% This i s  th e  second e d i t io n  o f H i l l ' s  book; th e  f i r s t  e d i t io n  
was p u b lish ed  i n  I 601 .
69See G rant McGolley, "N icholas H i l l  and th e  P h ilo so p h ia  e p ic u re a ,"
Annals o f Science , IV (1939-1&Ü0), p p . 390-h0$ fo r  a  d is c u s s io n  o f th e  con-
t e n t  and in flu en c e  o f H i l l ' s  book.
"^^Hill, P h ilo so p h ia  E p icv rea , pp . 29 ,  h i,  $3 , 6I ,  62 , 68 , 1$$,
~̂^ i d . ,  pp.; 10-13 , 18-20, hh, 66-67; 80, 102.
"̂^ Ib id . , p .  30 .
'^ ^ Ib id ., p .  101 .
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Prim a v i s ,  causa rerum  e f f i c i e n s ,  a c t iu a ,  v n iu e r s a l i s ,  sinç»lex, ab ­
s o lu te  e s s e n t ia ,  m a te r ia le  v irtu tu m  fundamentum Deus e s t .  . .
He in tro d u ced  a  n o n -a to m is tic  s i i t ç l i c i t y  p r in c ip le ;
Deus, n a tu ra , sap ien s  n i h i l  f r u s t r a  f a c iu n t ,  f r u s t r a  f i t  p e r  p lu ra  
quod f i e r i  p o te s t  per p au c io ra , per motum quod f i e r i  p o te s t  p e r 
quietem , p e r motum velocem quod f i e r i  p o te s t p e r  tardum , p e r  s p a t i j  
im p ro p o r t io n a b il i te r  m aio ris  emensionem quod p a u c is , & form icae 
r e p e n t is  passibus vno, a u t a l t e r o  p r a e s ta tu r .  Cum erg o  motus t e r r a e  
su p p o situ s  earn hab ea t ad s o ^ re m  proportionem  quam 1 . ad h^ :l6  
t e r r a  p o tiu s  so le  mouetur.75
He connected th e  m agnetic p ro p e rty  o f  th e  E arth  w ith  th e  m otion of th a t
body. The f i r s t  two reaso n s  l i s t e d  in  "T errae motvm s u f f i c i e n t e r  p roban t"
w ere:
1. M agneticus confluxus g ra u is  simorum. .
2 , Polorum magnetlcorum c o n s ta n tia  & ax eo s .'
He p o s tu la te d  an in te r a c t io n  among th e  prim ary  g lo b es:
Orbes non se  ex h au riu n t, au t e x in a n iu n t, sed m utuis v i r ib u s  se  r e -  
f o c i l l a n t ,  & c o n fo e d e ra ti a l t e r n a  idiomatum communicatione s e in u i -  
cem c o rro b o ra n t, & re d in te g ra n t f r a c ta s  v ire s  a l t e r  a l t e r i u s . ' '
He extended th e  m agnetic p ro p e rty  and i t s  in flu en c e  th ro u g h o u t th e  u n iv erse  :
7^ I b id . , p . 28: "The prim ary v i r t u e ,  the  e f f i c i e n t  cause o f th in g s ,
a c t iv e ,  u n iv e r s a l ,  s in g le ,  th e  ab so lu te  e ssen ce , th e  m a te r ia l  fundam ental
v ig o r i s  God. . . . "
^^ Ib id . , pp. 16-17: "God, n a tu re , wisdom do n o th in g  in  v a in ; i t  i s
i n  v a in  through  more t o  do t h a t  which can be done t h r o u ^  few er; th rough  mo­
t i o n  to  do th a t  which can be done by r e s t ;  th rough  a s w if t  m otion to  do th a t  
which can  be done by a  slow one; to  conrolete a  course  th ro u g h  a  g re a te r  space 
i r ç r o p o r t io n a l ly  than  a  sm a lle r one; and to  have one body o v ertaken  by th e  
h a s ty  pace o f  an o th e r . T herefo re , s in c e  th e  supposed m otion of th e  e a r th  has 
t o  th e  sun  th e  p ro p o r tio n  o f l :L $ . l6 ,  th e  e a r th  i s  moved r a th e r  th an  th e  su n ,"
76 I b id . ,  p . 1^^: "1. The m agnetic conflux  o f heavy th in g s . 2 . The
constancy  and axes of th e  m agnetic p o le s ."
^^ I b id , ,  p , 67: "The orbes do n o t exhaust or empty them selves, b u t
by a  m utual v ig o r renew  them selves and u n ite d  by an in te rc h an g e  and com­
m u n ica tio n  o f  idiom s s tre n g th e n  one an o th er and renew  th e  broken v ig o r o f 
one a n o th e r ."
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R atio  decim bentiim  prim ariorum  g lobonm  i n  hanc p o tiu s  quam i l la m  
partem  e s t  m u tu ^  eorum ad s e  inuicem  re s p e c tu s , iu x ta  le g e s  mag- 
n e t i c a s .  . .
And he accep ted  a t  l e a s t  p a r t ,  i f  n o t a l l ,  o f th e  C opernican h y p o th es is ;
Omnis a p p a re n tia  C o e le s tis  d iu rn a , m enstrua, annua, s e c u la r i s ,  & 
p e r io d ic a  c o n u en ien tiu s , f a c i l i u s ,  a p t iu s  p e r motum t e r r a e  suppositum , 
quam s o l i s  s a lu a t u r ,  & s o lu i tu r .7 *
These id e as  s c a t te r e d  th ro u g h  H i l l ’s work were n o t developed in ­
d iv id u a l ly ,  connected in to  a  lo g ic a l  whole, o r even d iscu ssed  r e l a t i v e  to  
one a n o th e r a t  any le n g th . The re a d e r  i s  l e f t  w ith  th e  im pression  th a t  
H i l l  c o l le c te d  id e a s  and th en  l i s t e d  them in  an  unorganized  fa sh io n . He 
o c c a s io n a lly  a l te r e d  th e  id e as  he c o lle c te d  from  o th e rs .  Thus, th e  mag­
n e t ic  p ro p e r ty  in  H i l l ’ s P h ilo so p h ia  E picurea was s l ig h t ly  d i f f e r e n t  from 
th a t  i n  th e  G i lb e r t ’s De m agnete.
The en p h asis  on th e  ex ten s io n s  o f magnetism th ro u g h o u t th e  i n f i n i t e  
world^^ and on th e  in te ra c t io n s  among th e  p rim ary  globes®^ expanded a  t e r ­
r e s t r i a l  fo rc e  in to  what could have been a  u n iv e r s a l  u n ify in g  p r in c ip le ;
Op
th e  use of th e  p h rase  ’’m agnetic law s" was a  s te p  away from  th e  v i ta l i s m  
in  th e  e a r l i e r  work f o r  H i l l ’s magnetism was le s s  a n im is t ic  than  G i lb e r t ’s .  
His system  co n ta in ed  s o u ls ,  b u t th ey  were in form ing  p r in c ip le s  no t op era -
*̂ ®r b id . , p . 160 : "The re a so n  f o r  th e  in c l in a t io n  of th e  prim ary
globes more i n  one p a r t  [ o f  t h e i r  o r b i t ^  th a n  in  an o th e r i s  t h e i r  r e c ip ­
ro c a l  e f f e c t  among them selves acco rd in g  to  m agnetic law s. . . . "
'^^I b id . , pp. 10-11: "Every appearance o f th e  heavens, d a i ly ,
m onthly, y e a r ly ,  o f a g e n e ra tio n , and o f th e  p e r io d ic  co n ju n c tio n s , i s  
more e a s i ly ,  more a p t ly ,  saved and so lved  th rough  th e  supposed m otion of 
th e  E a rth  th a n  o f th e  Sun."
^ ° I b id . ,  pp . 12- 13 ,  55, 7 3 , 192- 193 . 
^ ^ i d . ,  p p . 79- 80 ,  160 .
^ ^ I b id . ,  p . 160.
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t i v e  agents.® ^ A ctions were produced by v ir ib u s  o r  v i r t u t i b u s . The d i s ­
t i n c t i o n  was an im portan t one, f o r  by u s in g  i t  H i l l  seems to  have t r i e d  to  
govern h is  cosmos by c o n tac t fo rces.® ^  The magnet w ith  i t s  orb o f  v irtue® ^ 
p rov ided  such a  fo rc e , b u t H i l l  was u n w illin g  o r  unable to  ex p la in , log ­
i c a l l y  o r  m athem atica lly , how i t  o p e ra ted .
The a ttem p ts  in  th e  P h ilo so p h ia  e p icu rea  to  spread  the  m agnetic prop­
e r ty  th roughout th e  u n iv e rse  were vague assum ptions p resen ted  in  a d is o r ­
dered fa sh io n . Hhen th e  Dutch m athem atician  Simon S te v in  (l51i8-l620) in ­
cluded  th e  r e s u l t s  of G i lb e r t 's  s tu d y  i n  h is  work. De Hemelloop (IbO ^),^^ 
he was somewhat more p r e c is e .  S te v in  was an avowed Copernican. Although 
he o f te n  worked from th e  assum ption  of a  f ix e d  E a r th , th e re  can be no doubt 
t h a t  he considered  such a p r a c t ic e  p e rm is s ib le  on ly  from a  m athem atical 
v iew p o in t. 'Whenever he d e sc rib e d  th e  w orld a s  he b e lie v e d  i t  a c tu a l ly  was, 
he used th e  h e l io c e n tr ic  th e o ry .
De bepalinghen  beschreven  s i jn d e  soo s a l  d i t  e e r s te  bouck a ch t onder- 
s c h e y ts e ls  hebben, vande v in d in g  deur e rv a rin g s  d a c h ta fe ls  des loops 
van Son, Maen, S a tu rn u s , J u p i t e r ,  M ars, Venus, M ercurius, ender v a ste  
s t e r r e n ,  a l l é s  met s t e l l i n g  eens v a s te n  E e r tc lo o ts  a l s  u v e e re l ts  mid- 
d e lp u n t, uvant hoeuvelse e y ^ e n t l i c k  i n  een ro n d t d ra e y t g h e li jc k  d* 
ander D uvaelders, noch tans leertm en  de b e ^ in s e le n  d e se r  const l i c h t
® ^Ib id ., pp. 185-186.
® ^[b id ., pp. 8 , 11-12, 16, 37 , 39 , 73, 179, 180.
^ ^ I b id . , pp. 10, 119-150.
^ ^ H il l  o f te n  c a lle d  G i lb e r t 's  m agnetic orb  of v i r t u e  an e ffluv ium  
a lth o u g h  G ilb e r t  used th e  te rm  "effluv ium " s o le ly  in  ex p la in in g  e l e c t r i c  
phenomena.
Simon S te v in , De Hemelloop in  The P r in c ip a l  Works of Simon S te v in . 
V ol. I l l :  Astronomy, ed. A. Pannekoek. N av ig a tio n , ed . E rnst Crone (Am-
sterdam : C. V. Swets & Z e i t l in g e r ,  1961). This e d i t io n  has th e  Dutch t e x t
and th e  E n g lish  t r a n s la t io n  on fa c in g  p ages. For a  d isc u ss io n  o f  S te v in 's  
l i f e ,  works and in flu en ce  s e e : George Sarton ,"S im on S tev in  of Bruges (15Ü8-
162 0 ),"  I s i s ,  XXI (193W , pp . 211-303.
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e l ic k e r  v e rs ta e n  deur h e t s c h ijn b a e r ,  dan deur h e t eyghen, soo d aer a f  
b reed er ghesey t s a l  uvorden i n  des 3 boucx 7 v o o r s te l .  Angaende voorder 
s p ie g h e l in ^ e n  uvaer to e  de eygben s t e l l i n g  des loopenden E e r tc lo o ts  b e -  
quam eris, d a e r  a f  s a l i c k  i n t  boveschreven derde bouck handelen .
This open adherence to  th e  new system  was th e  summary o f th e  opening s e c tio n
o f " th e  f i r s t  tex tb o o k  d estin ed  to  give a  s inçile  and easy e x p o s it io n  o f th e
h e l i o c e n t r i c  t h e o r y . "^9
I f  S te v in  had been among th e  f i r s t  to  announce h is  accep tance  o f th e  
p h y s ic a l  r e a l i t y  o f  th e  world d e sc rib ed  i n  th e  De re v o lu t io n ib u s , he was a l ­
so  among th e  l a s t  to  b e lie v e  in  th e  a c tu a l i ty  o f th e  heavenly  sp h e re s . The 
c e l e s t i a l  orbs w ere, to  him, c o n ce n tr ic  c o rp o re a l b o d ies  c a r ry in g  th e  p lan ­
e t s . ^  The com bination of th e  two id e as  p resen ted  d i f f i c u l t i e s .  The a s -  
su u ç tio n  th a t  c i r c u la r  motion was n a tu r a l  to  th e  heavens could be jo in e d  to  
s o l id  spheres to  e x p la in  th e  p la n e ta ry  m otions and a ls o  to  th e  d iu r n a l  ro ­
t a t i o n  o f th e  E a rth  to  save th e  prim ary m otion in  th e  heavens, b u t n e i th e r  
o f  th e se  could be used to  account f o r  th e  th i r d  m otion o f th e  E a rth  as  de­
s c r ib e d  by C opernicus;
Nochtans moest d i t  r o e r s e l  soo to e g h e la te n  s i j n ,  om a l  d*ander n a tu e r -  
l ic k e  overeen comminghen d ie  u y t s t e l l i n g  des roerenden  E e r tc lo o ts  v o l-  
ghin een sek e rg ro n t t e  gheven: Doch i s  d a e r  na i n t  l i c h t  ghecommen
88I b id . ,  pp . 28-29; "A fter th e  d e f in i t io n s  have been d e sc r ib e d , t h i s  
f i r s t  book i s  to  com prise e ig h t s e c t io n s ,  o f th e  f in d in g  by means o f em­
p i r i c a l  ephem erides o f th e  m otion o f Sun, Moon, S a tu rn , J u p i t e r ,  Mars, Venus, 
M ercuiy, and o f th e  f ix e d  s t a r s ,  a l l  t h i s  on th e  assum ption of a f ix e d  E arth  
a s  c en tre  o f th e  u n iv e rs e ; fo r  t h o u ^  in  r e a l i t y  i t  rev o lv es  in  a c i r c l e ,  
l i k e  th e  o th e r  P la n e ts ,  n ev e rth e le ss  i t  i s  e a s ie r  to  un d ers tan d  th e  e lem ents 
o f  t h i s  sc ien ce  from  th e  apparen t th a n  from th e  t r u e  m otion, a s  m i l  be s e t  
f o r t h  more in  d e t a i l  i n  th e  7 th  p ro p o s it io n  o f th e  3 rd  book. As to  f u r th e r  
th e o r i e s ,  f o r  which th e  tru e  assum ption o f th e  moving E a rth  i s  b e t t e r  s u i te d ,  
I  w i l l  d e a l w ith  th o se  i n  the  t h i r d  book r e fe r r e d  to  above."  Compare pp. 
110-111, 116-117.
®^A. Pannekoek, " In tro d u c tio n  to  th e  Work," I b id ,  p . 6 ,
^^S tev in , P r in c ip a l  Works, I I I ,  pp . 130-135.
^^Ibid. , pp. 118-127.
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h e t bouck vander groo ten  * E e rtc lo o tsc h e n  s e y ls te e n ,  beschreven d eu r 
G uilielm us G ilb e r t  u s , waer in  de n a tu e r l ic k e  o irs a e c k  deses r o e r s e l s ,  
m ijns bedunckens g h e tro ffen  en gheopenbaert i s .  . . ^
Some a d a p ta tio n  of G i lb e r t 's  m agnetic th e o ry  was needed to  have i t  
" h i t  o ff"  and " re v e a l"  any th ing  about th e  t h i r d  m otion o f  th e  E arth , f o r  
G ilb e r t  had never a p p lie d  h is  th e o ry  to  t h i s  m otion. He had exp lained  th e  
d iu rn a l  m otion of th e  E arth  by P e re g r in u s 's  assum ption  th a t  a  c o r re c t ly  a -  
l ig n e d , f r e e ly  suspended magnet would r o t a t e  around i t s  a x is  once in  tw en ty - 
fo u r  hou rs , b u t S te v in  ignored t h i s  a p p l ic a t io n  o f th e  m agnetic v i r t u e  and 
used only th e  tendency of a  magnet to  a d ju s t  i t s  p o s i t io n  w ith  re sp e c t to  
any o th e r m agnetic body. The E a r th , a  m agnetic sp h e re , co n stan tly  m ain ta in ­
ed i t s  a x is  i n  th e  same d ir e c t io n  because  i t  s tay ed  i n  a  f ix e d  p o s i t io n  r e l ­
a t iv e  to  th e  m agnetic po les in  th e  u n iv e rse  around i t .  Thus, S tevin  e l im i­
nated  th e  n e c e s s i ty  o f assuming a t h i r d  m otion f o r  th e  E a rth . He o ffe re d  a 
p ro o f by ex an ç le :
Maer om d i t  r o e r s e l  en s tre a k in g  vanden as g h ed u erlick  na een se lv en  
o i r t ,  t e  v e rc la re n  m ette bequaemste g e l i jc k e n is  d ie  ny nu te  vooren 
comt, ic k  segh a ld u s : Ghenomen d a t ymant op t m iddelpunt des ro n t
p a p ie rs  van een seecompas s ta c k  een s tro y k e n , s treck en d e  evew ijd ich  
m etten as des E e r tc lo o ts ,  d a t seecompas s taen d e  i n  een sch ip , varende 
neem ic k  in  een ronde g ra c h t van  een S lo t  o f  Schans, t ' i s  ken n elick  
d a t t e t  se lv e  sc h ip  een k e e r ghedaen habbende van p la e ts  t o t  p la e t s  na 
d 'e e n  s i j d e ,  soo s a l  d aeren tu ssch en  t  ' compas i n  s i j n  p la e ts  oock eens 
ghskeert s i j n  na d»ander s i j d e ,  d a ts  teg h en  den k e e r van t sch ip , en  
su lcken  ^ e d e e l t e  eens k ee rs  t ' se lv e  sch ip  ^ ledaen  h e e f t  na d 'e e n  s i jd e ,  
soodanich g h edee lte  s a l  oock h e t  seecompas ghedaen hebben na d e  ander 
s i jd e ,  b l i j vende h e t boveschreven s tro y k en  g h ed u erlick  evew ijdich m etten 
as des E e r tc lo o ts :  En a lso o  salm en d e rg h e lijc k e  oock v e rs ta e n  vanden
loop des E e r tc lo o ts  in  h ae r wech, welcke t e  w i j le  sy daer een k e e r d o e t, 
sood raey tse  een k e e r i n  h ae r p la e t s  teghen  den voorgaenden keer, en  
b l i j vende den a s  a l t i j t  na een s e lv e n  o i r t  s tre ck e n d e .
I b id . .  pp. 128-129: "N ev erth e le ss  t h i s  m otion had to  be ad m itted  in
o rder t o  g ive  a su re  b a s is  f o r  a l l  th e  o th e r n a tu r a l  correspondences t h a t  f o l ­
low from th e  th e o ry  o f a moving E a r th . But t h e r e a f t e r  th e re  was p u b lish e d  th e  
book about th e  g re a t t e r r e s t r i a l  m agnet, d e sc r ib e d  by Guilelmus G ilb e r tu s , i n  
which th e  n a tu r a l  cause o f t h i s  m otion i n  my o p in io n  i s  i i i t  o f f  and re v e a le d ."
^^I b id . . pp. 126-128: "But to  e x p la in  t h i s  m otion and co n stan t te n d -
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Because t h i s  m otion, as  d e sc rib ed  by C opern icus, took  p la ce  i n  a  E a s t- to -  
West d i r e c t io n  w hile  a l l  o th e r n a tu r a l  heavenly  m otions had a  W est-to -E ast 
d i r e c t io n  and because S te v in  a t t r ib u te d  th e  f i x i t y  o f th e  E a r th 's  a x is  to  
a  m agnetic  body 's  r e ta in in g  a  f ix e d  o r ie n ta t io n ,  he p re fe r re d  to  c a l l  th e  
t h i r d  m otion o f th e  E arth  "haer se y ls te e n ig h e  s t i l s t a n d i t . "9^
Having so lved  one d i f f i c u l t y  i n  t h i s  manner, S te v in  a p p lie d  th e  
same p r in c ip le  to  o th e r  p la n e ts  and t h e i r  o rbs and e lim in a te d  th e  second 
c o n tra d ic t io n  th a t  a ro se  i n  a  s o l id  sp h e re , h e l io c e n t r ic  system , This was 
th e  la c k  o f  any t r a n s f e r  o f m otion from  one sphere  to  a n o th e r ,
Noch meet ic k  seggen d a t ic k  over een  t i j t  van desen h an d e l o n b eslo ten  
gedachten hadde, houdende t e r  eender s i j d e  voor ^em eene r e g h e l ,  d a t  a l l e  
begrepen  d ie  wech henen meet daer hem s i j n  b e r ijp e n d e  d ra e c h t , waer ny t 
volghen soude d a t e lc k  Dwaelders een  r o e r s e l  m oest hebben gehmengt u y t a l  
de r o e r s e l s  d e r Dwaelders d ie  boven hem s i j n :  Ter ander s i j d e  sach  ic k
m e tte r  d a e t t 'v e r k e e rd e  ghebeuren: D it  dede ny dencken o f t  soude meughen
s i j n  d a t de Dwaelders n ie t  en war en i n  Hemelen ghehech t, maer deur de 
lo c h t  v lo ^ ie n  g h e l i jc k  de voghelen om een t o r r e ,  sonder h e t  r o e r s e l  van 
d 'e e n ,  a n t r o e r s e l  van d 'an d e r een ige beweeghnis t e  v e ro irsa k e n , waer 
te g en  ander redenen  uy weerom anders deden vermoeden, , . ,95
ency o f th e  a x is  i n  th e  same d ir e c t io n  by means o f  th e  most conven ien t com­
p a r is o n  th a t  now occurs to  me, I  say  as fo llo w s ; i f  a  man were to  p u t i n  th e  
c e n tre  o f th e  round paper o f a  m a rin e r 's  compass a  s tra w  p a r a l l e l  to  th e  a x is  
o f th e  E a rth , t h i s  compass s tan d in g  in  a sh ip  s a i l i n g ,  I  assum e, in  a  c ir c u ­
l a r  moat o f  a  C astle  o r Entrenchm ent, i t  i s  e v id en t t h a t  when t h i s  sh ip  has 
made one tu rn in g  from  p la c e  to  p la ce  tow ards one s id e ,  in  th e  mean tim e th e  
co rçass  in  i t s  p lace  w i l l  a ls o  have made one tu rn in g  tow ards th e  o th e r  s id e ,  
i , e ,  a g a in s t  th e  tu rn in g  o f  th e  sh ip ; and such p a r t  o f a  tu rn in g  as th e  sh ip  
s h a l l  have made tow ards one s id e ,  th e  same p a r t  th e  conçass w i l l  a ls o  have 
made tow ards th e  o th e r s id e ,  the  a fo re sa id  s traw  c o n s ta n tly  rem ain ing  p a r a l ­
l e l  to  th e  a x is  o f th e  E a r th , And i t  must be s im i la r ly  understood  a ls o  w ith  
re g a rd  to  th e  m otion o f th e  E a rth  i n  i t s  o r b i t :  w h ile  i t  perform s one revo­
l u t i o n ,  i t  r o ta te s  once i n  i t s  p la ce  a g a in s t  th e  fo rm er r e v o lu tio n , th e  a x is  
alw ays te n d in g  in  th e  same d i r e c t io n ."
^̂ ^ i d , ,  pp, 130-131: The l i t e r a l  t r a n s l a t i o n  i s  " i t s  lo ad sto n y  
s t a n d s t i l l , "  b u t th e  t r a n s l a t o r  has p re fe r re d  " i t s  m agnetic  r e s t "  i n  t h i s  
e d i t io n .  I b id , , p , l i t ,
^^ Ib id , , pp , 132-133: " I  a lso  have to  say  t h a t  fo r  some tim e I  was
undecided  i n  my mind about th i s  m a tte r , h o ld in g  i t  on th e  one hand a  gen-
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Among the reasons which made S tev in  think d if fe r e n t ly  was the f ix e d  
o r ien ta tio n  of a magnetic body. F ir s t  he extended th e property o f  "mag­
n e t ic  rest"  to  the Earth’s orbit^ then to  th e o rb its  o f the other p la n ets , 
and, f in a l ly ,  to  "inde h eele  hemelsche clooten  daerse in  ghedreghen wor- 
den, su lcx  dat haer assen  (g e lijc k  vooren in t  tweede v o o r ste l vanden E ert­
c lo o ts  as gheseyt i s )  geduerlick  na een selven  o ir t  s t r e c k e n . T h i s  
constancy o f d irec tio n  prevented th e  motion of one sphere from turning the  
sphere below i t ,  and, thus, provided an explanation fo r  the seeming para­
dox o f in terconnected  but independent spheres.
Throughout th e development and a p p lica tio n  o f h is  theory o f "mag­
n e t ic  rest"  S tev in  had assumed ( i f  not e x p l ic i t ly  a t  le a s t  in p l i c i t l y  in  
h is  constant use o f th e  analogr o f th e magnetic conçass^"^) th at whatever 
kept th e Earth, o rb its  and spheres in  th e ir  r esp ec tiv e  p o s it io n s  was out­
s id e  th ese  b o d ies . In  the fou rth  p rop osition  o f the th ir d  book, he s t a t ­
ed th at s in ce  th ese  bodies were so or ien ted  and sin ce  the motion o f one 
p lan et was not transferred  to  th at below i t ,  "plaets der crachten d ie  den 
E er tc lo o t, w egh en , en Hemelen der D w aeders in  haer s e y ls te e n i^ ie
e r a l ri^le th at a l l  bodies contained by other bodies must take th e  course in  
which th e ir  contain ing bodies carry them, from which i t  would fo llo w  th a t  
every Planet must have a motion c o n s is t in g  of a combination of a l l  the mo­
t io n s  pf th e Planets th a t are above i t .  On the other hand, in  p ra c tice  I  
saw the reverse  happen in g. This caused me to  th ink  whether i t  could be 
p ossit)le  th a t th e  P lanets were not attached  to Heavens, but were f ly in g  
through the a ir  l ik e  b irds about a tower, w ithout the motion o f  th e one 
causing any change in  the motion of th e other; but other reasons again  made 
me th ink d if fe r e n t ly ,"
^^ Ib id . ,  pp . I 3O -I3I :  " th e  e n t i r e  heaven ly  sp h eres  in  which th ey
a re  c a r r ie d ,  such th a t  t h e i r  axes (a s  has been s a id  above in  th e  second 
p ro p o s it io n  of th e  E arth ) c o n s ta n tly  tend  i n  th e  same d i r e c t io n ,"
^ Ib id . ,  pp. 126- 127,  128- 129,  130,  131,  13it-13^.
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s t i ls t a n d t  houden" must be in  the heaven of the f ix e d  s t a r s . T h e  one 
exception  was th e  " a ttra c tiv e  force" fo r  th e  Moon which would have to  re­
vo lve  in  another box or lower Heaven. This S tev in  lo ca ted  between Mars and 
J u p i t e r . S t e v i n  never explained e ith e r  what t h i s  " a ttra ctiv e  force" was 
or i f  th e  heaven o f th e  f ix e d  sta rs  contained only a common force  for a l l  
th e  heavenly bodies other than the Moon or a s p e c ia l  one fo r  each. Such 
d e t a i l s ,  apparently, d id  not concern him. The n atu ra l motions o f the 
spheres coupled w ith  th e  "magnetic rest"  provided e f f i c i e n t  causes for the  
c e l e s t ia l  movements; ob servation a l and mathematical data to ld  what move­
ments th ese  causes e ffe c te d . S tev in  trea ted  the two asp ects  of c e le s t ia l  
phenomena independently. There was nothing in  h is  theory to  jo in  them 
in to  a u n ified  whole.
The a ttem pts o f K epler and S tev in  to  use magnetism w ith  th e  Coper­
n ic a n  system  were no t th e  on ly  a d ap ta tio n s  o f  t h i s  fo rc e  to  an astro n o m ica l 
h y p o th e s is . David Origanus (1586-1628) and N athanael C arpen ter (1589-1628) 
each  desc rib ed  a n  E a rth  c en te re d  system  s im ila r  to  th e  lÿchon ic  one. Both 
men d isag ree d  w ith  Tycho about th e  d iu rn a l  m otion, a  m otion which they a t ­
t r i b u te d  to  a  r o ta t in g  E a rth  r a th e r  th an  to  a  m otion o f th e  f ix e d  s t a r s ,  and
^^I b id . ,  pp. 132-135: " th e  p lace  o f th e  fo rc e s  which keep th e  E a rth ,
th e  o r b i t s  and th e  Heavens of th e  P la n e ts  i n  t h e i r  m agnetic  r e s t .  . . . "
^ I b i d . ,  pp . l3h-13S.
^^%t the beginning o f the f i r s t  chapter o f the th ird  book o f the 
Be Hemelloop, the s e c t io n  which contains th e o r e t ic a l  sp ecu la tio n s , Stevin  
lim ited  h is  subject: "Since the object i s  here to  d escrib e the P lan ets’
motions on the theory o f a moving Earth, i t  seems appropriate to  s e t  fo r th  
as much about the nature and fig u re  o f the world—being the b asis on which 
the foregoing  i s  b u i l t —as we know or surmise and i s  conducive to  the know­
ledge o f the motion in  view" ( Ib id . .  pp. 118-119). This sec tio n  separates 
the explanations of methods based on the theory o f a f ix e d  Earth from those  
using a moving Earth p o s tu la te . When working w ith  both system s, S tevin  
tr e a ts  th e  c e le s t ia l  motions w ithout regard to  th e ir  ca u ses .
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b o th  suggested  th a t  th e  t e r r e s t r i a l  m agnetic v i r t u e  account f o r  t h i s  mo- 
tion.^*^^
As some astronom ers found magnetism h e lp fu l  i n  sav ing  th e  c e l e s t i a l
phenomena, so a  few w r i te r s  on magnetism inc luded  a s tro n o m ica l a sp e c ts  in
t h e i r  works on magnetism. Mark R idley (1^60-l62U) i n  h is  A S hort T re a t is e
102of M ag n e tica ll Bodies and Motions rep ea ted  many o f G i lb e r t ’ s th e o r ie s  
and experim ents and e x tra p o la te d  th e  cosmology of th e  l)e m agnete. All 
th e  p la n e ts  and any b o d ies  which accompanied them such as " th e  two s t a r r e s  
which support S a tu rn , th e  fo u re  a t te n d e rs  vpon l u p i t e r , " th e  Sun and th e  
Moon were a l l  m agnetic g l o b e s . T h e s e  b o d ies had p o le s , axes and pos­
s ib ly  r o ta t io n a l  m otons, b u t R id ley  was no t c e r ta in  about th e  d e t a i l s  o f 
th e s e .  L a te r tim es would know more and he was s a t i s f i e d  to  leave  much o f 
th e  s tu d y  of th e  heavens to  them.^*^^ He d id , however, account f o r  one ce­
l e s t i a l  occurrence  o th e r  th a n  th e  apparen t m otion o f th e  f ix e d  s t a r s —th e  
d iu rn a l  movement o f  th e  E a rth —by an a p p lic a t io n  o f  m agnetic p r in c ip le s .
This was th e  la c k  o f any ap p aren t r o ta t io n a l  m otion in  th e  Moon.
R id ley  assumed th a t  th e  Moon was a m agnetic body w ith  fo u r  p o le s :
^^^David O riganus, Novae motuum co e les tiu m  ephem erides B randenbvrgicae, 
annorvm LX, in c ip ie n te s  ab  anno 1^9^, & d esin en te s  in  annum 165^ , c a lc u lo  
d u p l ic i  luininarium , Tychonico & C opernicaeo, re liq u o ru m  p la n e ta r m  p o s te r io re  
e la b o ra ta e , & v a r i j s  d iversarum  nationum  c a le n d a r i js  accommodatae, cum i n -  
tro d u c tio n e  hac p le n io r e ,  in  qua chronolog ica, astronom ica & a s tr o lo g ic a  ex 
fundam entis i p s i s  t r a c ta n t u r  (F ra n c o fu r ti  c is  Viadrum: Apud Davidem R eich-
ardum b ib liopo lam  S te tin en sem , I 609) ,  p p . b -c  3 . N athanael C arp en te r, Geog­
raphy PelinAAted F o rth  i n  Two Bookes. C ontain ing  th e  S p h a e r ic a l l  and Top- 
i c a l l  P a r ts  Thereof (O xford; Henry C ripps, 1623J, pp . 7^-76 .
102Mark R id ley , A S hort T re a tis e  o f  M ag n e tic a ll Bodies and M otions
(London: P r in te d  by H Lcholas Okes, 1613) .
^ ° ^ Ib id . ,  p .  I .
^ ° ^ i d . , p . lU .
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th e  u s u a l n o r th  and so u th  p o le s  and an  a d d i t io n a l  e a s t  and w est p a i r .  The 
lu n a r  n o r th  and so u th  p o le s  m ain ta ined  th e  b o d y 's  b a lan ce  as  " i t  was th e  
v e r tu e  p o la r  and I fe g n e tic a ll  t h a t  h o ld e th  a l l  g lobes i n  t h e i r  p o s i t io n  
w h a t s o e u e r . T w o  o th e r  c e l e s t i a l  b o d ie s , J u p i te r  and th e  Sun, tu rn ed  
about t h e i r  axes a s  th e  E a rth  d id ; th e  Moon d id  n o t f o r  i t  was "kept firm e  
and vnmoueable from c i r c u la r  m otion about h e r a x is ,  by o th e r  two p o le s  
t h a t  be vpon th e  edges and a eq u a to r o f h e r body, because her sp o ts  be a l ­
ways a l ik e  on h e r  E ast and West s id e ,  th a t  h o ld  h e r  f irm e ly  & s t i f f e l y  
t h a t  she can by no means tu rn e  about upon h e r  f i r s t  two p o le s .
I t  was ev id en t t h a t  th e  E a rth  had no such p o le s  n o t only  because o f 
107i t s  d iu rn a l  m otion b u t a ls o  because " i f  we were so happy to  f in d  any in  
th e  E as t o r West o f th e  e a r th ,  th e n  th e  m a tte r  o f lo n g itu d e  would be p e r­
f e c t l y  a t ta in e d  v n to , which h a th  so  g re a t ly  b u s ied  a l l  th e  in g en io u s w its  
o f  th e  w o rld . The rem arks on th e  Moon and o th e r  p la n e ts  were only  
p a ss in g  comments which R id ley  d id  n o t develop . Having d ig re s se d  to  and 
d ism issed  th e  Moon, he continued  w ith  h is  m ajor to p ic ,  th e  m agnetic E a rth .
The s id e  comments on th e  e x ten s io n  and a p p l ic a t io n  o f th e  m agnetic  
v i r tu e  beyond th e  E a r th , w h ile  only  a  minor c o n s id e ra tio n  in  R id le y ’s e a r ly  
w r i t in g ,  were an  im p o rtan t p a r t  o f  h is  l a t e r  works. When, in  I 616 ,  an o th e r 
E n g lish  w r i t e r ,  W illiam  Barlowe (d . 1625), p u b lish ed  a  book on th e  s u b je c t 
w ith o u t in c lu d in g  th e  a p p l ic a t io n  to  th e  cosmos, R id ley  became engaged i n  a  
c o n tro v e rsy  w ith  him . l i k e  R id ley , Barlowe ,had drawn h e av ily  from  G ilb e r t
p. IS.
p. 16.
“ « Ib id .
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when w r i t i ng h is  M ag n e tica ll A dvertisem ents u n lik e  R id ley , he d is a ­
g reed  w ith  th e  cosm olog ica l sp ec u la tio n s  i n  th e  s ix th  book o f th e  De mag­
n e te .
I n  1617 R id ley  p u b lish ed  M agnetical an im adversions i n  which he a t ­
tack ed  Barlowe and re a ff irm e d  h i s  b e l i e f  i n  th e  d iu rn a l  m otion o f  th e  E arth  
and th e  m agnetic  n a tu re  o f  th e  t e r r e s t r i a l  and a l l  o th e r g l o b e s . B a r l o w e  
r e p l ie d  p u b lish in g  a  second e d i t io n  o f  th e  M ag n e tic a ll A dvertisem ents to  
which he added A B rie fe  D iscovery of th e  Id le  A nim adversions o f Marke R idley
IIP
D octor i n  P h is ic k e  vpon a  T re a tis e  E n t itu le d , M ag n e tic a ll A duertisem ents ; 
t h i s  l a t t e r  work was in ten d ed  as  a  r e f u ta t io n  o f R id le y 's  argum ents.
Barlowe based  h is  d isagreem ent w ith  R id ley  upon th e  d if f e r e n c e  in  
t h e i r  d e f in i t io n s  o f a  m agnetic  body. R id ley  accep ted  as  such a body any­
th in g  "which se a te d  in  th e  a e th e r  or a i r e ,  do th  rem aine and p la ce  i t  s e l f e
109W illiam  Barlowe, M ag n e tica ll A duertisem ents; o r D ivers p e r t in e n t  
O b se ru a tio n s , and Approued Experim ents Concerning th e  M ature and P ro p e r tie s  
o f th e  L oad-stone; Very P le a sa n t fo r  Knowledge, and Most N eed fu ll f o r  p ra c ­
t i s e ,  o f T r a u e lü n g , o r  Framing o f  Instrum ents  F i t  f o r  T ra u e lle rs  Both by 
Sea and L ^ d  (London; Timothy Barlow, 1616).
^^^W illiam  Barlow e, M ag n e tica ll A duertisem ents; o r D ivers P e r t in e n t  
O b se ru a tio n s , and Approued Experim ents, Concerning th e  N atures and P roper­
t i e s  o f  th e  L oad-stone . Very P le a sa n t f o r  Knowledge, and Most N eed fu ll f o r  
P r a c t i s e ,  o f I r a u e l l in g ,  o r Framing of In s tru m en ts  F i t  f o r  T ra u e lle rs  Both 
by Sea and Land. Whereunto i s  Annexed a  B rie fe  D isco u erie  o f  th e  I d ïë  
A nim aduersions o f  Mark R id ley  D r. in  Fhysicke, upon a  T re a tis e  Ë n titü le d  
M ag n e tic a ll A duertisem ents (Éd é d . ;  London: Timothy Barlow , l ô l ü j ,  p . B1
v e rso .
^ "S ta rk  R id le y , M ag n e tica ll Animadversions upon C erta in e  M ag n e tica ll 
A dvertisem ents from  W« Barlow (London: N. Ckes, 1617).
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W illiam  Barlowe, A B rie fe  D iscouerie  of th e  Id le  Animaduersions 
o f  Mark R id ley  D r. in  F hysicke , upon a T re a tis e  E n t itu le d  M ag n e tica ll a5^ 
u e rtisem en ts  (London: Timothy Barlow, I 618) ,  bound w ith  Barlow e, M agneti­
c a l l  A d u ertisem en ts , I 6 I 8 .
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in  one p la ce , or kinde o f s itu a t io n  n a tu ra ll, not a lte r a b le . Barlowe
rejec ted  th is  and s ta r t in g  from h is  d e f in it io n  "that th e  I& g n etica ll Mo­
t io n  i s  a natu ral in c lin a t io n  of two Magnets or M agneticall b o d ies , th at  
may f r e e ly  moue, resp ec tin g  the one th e  other w ith in  th e  Orbe of th e ir  
fo rces  w ith  th e ir  convenient ends, th a t i s  to  say, the North end of the  
one alw aies resp ectin g  the South o f th e  o t h e r , h e  concluded no motion 
could be ascribed to  a s in g le  magnetic body.
Nor forasmuch as a l l  M agneticall motions are a lw aies resp ec tiv e  o f  
th e one Magnet or M agneticall bodie towards another, i t  fo llo w eth  
by n ecessa r ie  consequent, th a t no Magnet or M agneticall body, can 
e ith e r  moue, or be moued o f i t  s e l f e ,  but i s  v t t e r ly  voide of a l l  
in t r in s e c a l l  or se lfe-M otion , th e true and onely cause of h is  Motion 
being euermore w ithout i t  s e l f .
The t e r r e s t r ia l  globe was a magnetic body but th ere  was no other 
magnetic body w ith in  i t s  orb o f v ir tu e . Without th is  second body any mo­
t io n  of the f i r s t  was ir ç o s s ib le .  There, "mine Animaduersors se lfe-m o-  
t io n s  o f th e Globe o f the earth c ir c u la r ly , by M agneticall v igour, in  the  
idiich he doth so g a lla n t ly  triumph, i s  but an id le  figm ent, and a meere 
Chiinara,
Throu^out th e s e r ie s  o f  a s se r t io n s , a ccu sa tion s, r e p lie s  and re­
b u ta is between th e two men, each remained stea d fa st in  h is  o r ig in a l p o s i­
t io n . N either could o ffer  a supporting reason or demonstration fo r  h is  own 
theory th at seemed v a lid  to  the oth er. Each r ea d ily  saw the error in  h is  
opponent’s argument and refused to  b e lie v e  th a t there was any s im ila r  flaw  
in  h is  own,
113•^Ibid,, p ,
• ' • ^ i d , .  p . 6 .
^^ Ibid .
116I b id .,  p , 7.
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Barlowe and R idley ty p ify  th e  p o s it io n s  o f  th e men who wished to  
deny or accept the ex ten sion  of G ilb ert’s m agnetic v ir tu e  t o  a cosmic 
fo r c e . Those who re jec ted  the use o f magnetism i n  exp la in in g  astronom­
ic a l  phenomena were offered  no com pelling arguments in  i t s  favor. Those 
who wanted to  incorporate i t  in  th e ir  system were lim ited  on ly  by th e ir  
own in g en u ity , Digges considered th e  magnetic cen ter  o f the Earth to  be 
a balancing fa cto r; G ilb ert had a t o t a l ly  magnetic Earth e f f e c t  a tw enty- 
four hour motion. Kepler made magnetic v ir tu e  both the cen tr a l and lo c a l  
motive fo rce  in  a h e lio c e n tr ic  system  w ith  fr e e ly  moving p la n e ts , w hile  
S tev in  app lied  the same v ir tu e  as a constraining agent in  a Sun-centered  
cosmos f i l l e d  with corporeal spheres. Nicholas H i l l  combined atomism and 
magnetism. David Tost and Nathanael Carpenter a lte r ed  the Tychonic system  
in  order to  include a ro ta tin g  magnetic Earth. Mark R idley explained the  
non -rotation  o f  the Moon w ith  a fou r-p o le  argument, and W illiam  Barlowe 
denied th e Earth’s d iurnal movement because only one body was presen t.
A l l  o f  these men had used th e same q u a lita t iv e  fo rce ; each had 
ençloyed i t  as he d es ired . None had been ab le  e ith e r  to  account for  the  
phenomena s o le ly  in  terms of the magnetic v ir tu e  or to  l im it  th e force  
so th a t  wherever i t  was placed th e  same e f f e c t s  were always observable.
The one a tten ^ t at a r ig id  mathematical exp ression  o f i t s  mode o f opera­
t io n , K epler’s inverse f i r s t  power hyp oth esis, needed sev e r a l supporting  
assu itçtions to  approximate the observational d ata . As a th e o r e t ic a l de­
v ice  magnetism had an almost unlim ited range o f  a p p lica tio n ; as a prac­
t i c a l  e f f ic ie n t  motor whose e f f e c t s  could be measured and predicted in  
the c e l e s t i a l  region , i t  was a f a i lu r e .  G ilb ert had provided the natural 
philosophers w ith an innate fo rce  th at seemed to  be ap p licab le  throughout
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th e  u n iv e rs e , b u t n e i th e r  he n o r h i s  fo llo w e rs  p laced s u f f i c i e n t  r e ­
s t r i c t i o n s  upon i t  to  make th e  m agnetic  v i r tu e  u se fu l.
CHâPTER V 
MECHANISTIC MOTORS
Magnetism as a  c e l e s t i a l  motor was "but a s te p  from  th e  a n im is tic  
th e o r ie s .  Most o f  th e  men who employed th e  m agnetic v i r t u e  to  move th e  
heaven ly  bod ies had s p e c if ie d  t h a t  a  l iv in g  form  dw elt in  and c o n tro lle d  
a t  l e a s t  one p h y s ic a l body i n  th e  u n iv e rse ; t h i s  one body by i t s  m agnetic 
v i r tu e  th e n  moved th e  o th e rs .  For G ilb e r t  an anima was i n  th e  E a rth  and 
p robab ly  i n  every  o th e r g lobe; ̂  Kepler* s v i t a l  p r in c ip le  re s id e d  in  th e  
Sun;^ th e  vagueness o f H i l l 's  atomism in c lu d ed  m u ltip le  s o u ls ;^  H idley  and 
o th e rs  who accep ted  G ilb e r t’s  m agnetic th eo ry  had n o t e lim in a te d  th e  v i ­
ta l i s m  from  i t , ^  These men had assumed th a t  an a t t r i b u t e  o f  th e  anima was
W il l ia m  G ilb e r t ,  G v ilie lm i G i lb e r t i  C o lc e s tre n s is , m edici Londin- 
e n s is ,  de m agnete, m g n e tic isq v e  co rp o rib v s , e t  de magno magnete t e l l u r e ; 
p h y s io lo g ia  noua, p lu rim is  & a rg u m en tis , & experim ent i s  dem onstrata  QCbn- 
d in i :  Éxcudebai P e trv s  S h o rt, 1600}, pp . 208- 210 ,
2
Johann K ep ler, Astronomia nova A lT lQ A orH T O I^sev  ph y sica  c o e le s ­
t i s ,  t r a d i t a  com m entariis de m otibvs s t e l l a e  m a r t i s / ^  o b se rv a tio n ib v s  
G, V, îÿcfaonis Brahe ( l ÿ r a g a ^ :  n ,p , ,  160?), pp . 173, 1B ^-Ib6,
^N icholas H i l l ,  P h ilo so p h ia  E p icv rea , D em ocritiana. T heophrastica  
p ro p o s ita  s im p l ic i t e r ,  non edocta  (C oloniae Allohrogum: P ro s ta n t  in  Of­
f i c i n a  F a b ria n a , 1619;, pp , l5-lU «
^Mark R id ley , A S h o rt T re a tis e  o f  M ag n e tica ll Bodies and Motions 
(London: N, Okes, 1 6 1 3 p,  l3 ;  iJathanael C arp en te r, Geography b e lin e a te d
F o rth  i n  Two Bookes. Contajjndng th e  S p h a e r ic a ll  and Topi c a l l  P a r ts  Jh e fe^  
o f (QgforSf: Èenry C ripps, ,  pp , bav id  O riganus, Wovae motuum
co e les tiu m  ephem erides B randenbvrgicae, annorvm IX, in c ip ie n te s  ab anno 
1^95a & d e s in e n te s  in  annum l6 ^ ^ , c a lcu lo  d u p l ic i  lum inarium , ülÿchonico
lliO
l ia
th e  m agnetic v i r tu e  and had proceeded to  e x p la in  c e l e s t i a l  movements in  
te rm s o f th a t  a t t r i b u t e  r a th e r  th an  w ith  re g a rd  to  th e  source of i t ,  b u t 
f o r  each  o f them an anima as th e  in d w e llin g  prim ary  p r in c ip le  o f th e  u n i­
v e rse  rem ained,
A few o f t h e i r  contem poraries t r i e d  to  d ep art com pletely  from  th e  
l iv in g  form  and save  th e  c e l e s t i a l  phenomena by th e  use o f  some m echanical 
system . Such a t te n p ts  a t  t h i s  tim e were g e n e ra lly  confused and inconçjle te ; 
th e  men p ro p o sin g  them were caught betw een th e  crum bling s t r u c tu r e  o f c la s ­
s i c a l  cosmology and th e  cloudy v is io n  o f th e  e d i f ic e  they  were c o n s tru c tin g  
to  re p la c e  i t .
One o f th e  e a r l i e s t  o f th e se  e f fo r t s  du rin g  th e  p e rio d  under co n s i­
d e ra t io n  was th e  c a lo r - f r ig u s  h y p o th esis  o f  B ernardino T e le s io , Bom in  
I t a l y  and ed u ca ted  i n  th e  s c h o la s t ic  t r a d i t i o n  as  w e l l  as i n  th e  new le a rn ­
in g  o f  th e  R enaissance, T e le s io  began h is  a t ta c k  on m edieval A r is to te l ia n -  
ism  w h ile  l e c tu r in g  a t  N aples, In  1^65 he p re sen te d  h is  new th e o ry , a  th e ­
ory w hich i t s  a u th o r  in tended  should re p la c e  th e  t r a d i t i o n a l  concept o f th e  
s t r u c tu r e  o f  th e  w o rld , i n  h is  De rerum  n a tu ra ,^  I n  h is  l a t e r  w orks, T e le s io  
expanded, m odified  s l i g h t ly  and o f te n  r e - i t e r a t e d  th e  h y p o thesis  o f th e  De 
rerum  n a tu ra *^
& C opernicaeo , re liquorum  planetarum  p o s te r io re  e la b o ra ta e , & v a r i j s  d iv e r ­
sarum nationum  c a le n d a r i js  accommodatae, cum in tro d u c tio n e  hac p le n io re ,  in  
ch ro n o lo g ica , astronom ica & a s t r o lo g ic a  ex fundam entis ip s i s  t r a c ta n tu r  
(F ra n c o fu r ti  c is  Viadrum: Apud Davidem Reichardum feibliopolam  S te tinensem ,
1609), pp . 121-122.
^B ernard ino  T e le s io . B em ard in i T e le s i i  Consent i n i  de rerum  n a tu ra  
iu x ta  p ro p r ia  p r in c ip ia  l i b e r  primus e t  secundum, denuo e d i t i  (N eapo li; 
ip u d  ios'ephum Cacchium, 1^70)• The f i r s t  e d i t io n  appeared in  1^6^.
B e rn a rd in o  T e le s io , B em ard in i T e le s i i  C onsen tin i de h i s ,  quae i n  
a ë re  f i u n t ;  & de te rraem otibus^  l i b e r  vnicum (N eapo li: Apud losephum
UjZ
The cosmos was form ed, acco rd in g  to  T e le s io , no t from  E a rth , W ater, 
A ir and F i r s  b u t from  one type  of su b s tan ce , corporea m o les, a c te d  upon 
by two o p e ra tiv e  a g e n ts : "agen tes n a tu ra e  duae, c a lo r  f r ig u sq u e , e t  c o r -
y
pora moles u n a ."  The ag en ts  were in c o rp o re a l
e t  utrum que, u t  s u b s i s t â t ,  corporea opus habere mole; e t  ex ea omnino 
c n t ia  omnia c o n s ta re . I ta q u e  rerum  omnia p r in c ip ia  tid .a  e s s e : agen­
te s  n a tu ra s  duas in c o p o re a s , e t ,  quae i l l a s  s u s c ip i t ,  corpoream unam; 
e t  oimxLs ipsam  a c t io n is  om nisque.expertem  esse  o p e ra t io n is ,  e t  i n v i s i -  
b ilem  s u i  n a tu ra  nigramque e sse .
By t h e i r  d iv e rse  modes o f a c t in g  th e  o p e ra tiv e  ag en ts  produced d i f ­
f e r e n t  e f f e c t s  and u n lik e  re g io n s , C alor produced th e  heavens, W iile th e  
work of f r ig u s  b r o u ^ t  f o r th  th e  E a rth :
Quoniam i g i t u r  caelum te r ra q u e , longe nimirum maxima mundi co rpo ra  e t  
quae prim a a  Deo c o n s t i tu ta  e sse  sa c ra e  d iv in ae  t e s t a n tu r  l i t t e r a e ,  a  
c a lo re  i l l u d ,  hoc a  f r ig o r e  co n stitu tu m  e s t ;  e t  m an ife s te  r e l iq u a  e n t ia  
e t e r r a  a  s o l i s  c a lo re  immutata f i u n t  omnia; p a te t  calorem  fr ig u sq u e  
a g e n tia  rerum  omnium p r in c ip ia  e s s e . Nam s i ,  una t e r r a  e x cep ta , r e l i ­
quorum entium  nullum  p ro rsu s  a  f r ig o r e ,  sed , u t d ictum  e s t  a tq u e  d ic e -  
t u r ,  a  c a lo re  c o n s t i tu ta  su n t omnia; quoniam u t ,  q u a lia  e f f e c ta  su n t, 
f i e r e n t  f r i g o r i s  e tiam  opera  opus f u i t ,  quod c a lo r i s  actionem  v e lu t i  
i n t e r c ip e r e t  m oderare tu rque, e t  a lte ru m  primorum corporum f r i g o r i s ,  u t  
dictum  e s t ,  e s t  opus, ipsum itid e m  a lte ru m  agens p rin c ip iu m  ponendum 
v id e tu r .°
Cacchium, 1^70) ; B e m a rd in i T e le s i i  C o n sen tin i de rervm  n a tv ra  iv x ta  p ro p r ia " 
p r in c ip ia .  l i b r i  i x .  (N eapo li: Apud Horatium  Saluianum , 158?j ;  B em ard in i"
T e le s i i  C o n sen tin i, b a r i i  de n a tv ra lib v s  reb v s l i b e l l i  ab A ntonio P e rs io  
e d i t i  (V e n e tiis :  Apud Felicem  V algrisium , 1590;.
^B ernard ino  T e le s io , B e m a rd in i T e le s i i  de rerum  n a tu ra , a  cura d i  
Vincenzo S tanpanto  (3 v o l s , ;  Modena: A. F . F o r m it t in i ,  I 9IO -I913) , I ,  p . 18.
O
I b i d . .  p .  17: "and each , i f  i t  i s  to  rem ain , needs co rporea  m ole;
and from i t  a l l  b e in g s  con tin u e  to  s ta n d . T herefo re  a l l  th e  p r in c ip le s  o f 
th in g s  a re  th r e e :  two in c o rp o re a l n a tu r a l  a g e n ts , and , t h a t  which su p p o rts
them, one c o rp o re a l su b s tan ce ; and every  a c t io n  and eveiy  o p e ra tio n  th a t  does 
n o t have p a r t  i n  i t  fbhe co rp o rea^  i s  by i t s  n a tu re  in v is ib le  and d a rk ."
^ Ib id . . pp . 16-17  : "Therefore th e  heavens and th e  e a r th , most c e r ­
t a in ly  th e  g r e a te s t  b o d ie s  o f  th e  w orld and th o se  f i r s t  made by God as 
Sacred S c r ip tu re  t e s t i f i e s ,  have been made th e  one by  h e a t ,  th e  o th e r  by 
co ld ; and i t  i s  m an ife s t t h a t  th e  rem ain ing  b e in g s  o f th e  e a r th  a re  a l l  i n ­
terchanged  by th e  h e a t o f th e  sun: i t  i s  e v id en t t h a t  h e a t and co ld  a r e
l i ; 3
Each, agen t n o t on]y produced one s p e c ia l  re g io n  o f th e  cosmos, i t  a ls o  de­
te rm ined  th e  c h a ra c te r  o f  th a t  re g io n , T e le s io  a s s e r te d  t h a t  "calorem  s u i  
n a tu ra  mobilera, f r ig u s  c o n tra  immobile e s s e ; e t  p ro p te re a  molem i l l i  quam 
s u b i t ,  tenuem  levemque, h u ic  co n tra  densam gravemque, f a c ie n d i  fa c u lta te m  
tr ib u ta m  e s s e ;  e t  albedinem  omnem c a lo r i s  speciem  e t  v e lu t i  fac iem  e s s e .
S ince  c a lo r ,  th e  ag en t p roducing  m otion and l i g h t  b o d ie s , a c te d  up­
on th e  co rpo rea  moles to  form th e  tenuous heavens, w hile  th e  immobile f r ig u s  
shaped th e  heavy E a rth , th e  heavens were th e  moveable p a r t  o f th e  u n iv e rse , 
th e  E a r th  th e  non-moving segment. The non-uniform  speeds i n  th e  heavenly  
re g io n  T e le s io  exp lained  by v a ry in g  th e  amounts o f c a lo r  a c t in g  upon th e  d i ­
v e rse  q u a n t i t ie s  o f c o rp o re a l moles in  d i f f e r e n t  c e l e s t i a l  b o d i e s , a n d  by 
th e  v a r i a t io n  in  th e  d e n s i ty  o f th e  h eaven ly  re g io n  i t s e l f .  Some p a r t s  were
"minore t e n u i t a t e ,  i ta q u e  c o p io s io re "  and th e re fo re  o ffe re d  a g re a te r  r e -
12s is ta n c e  to  th e  b o d ies moving th ro u g h  them.
The change in  d e n s i ty  w ith in  th e  heaven ly  re g io n  was le s s  im portan t 
th an  th e  amount o f c a lo r  th e  globe re c e iv e d . The g r e a te r  th e  q u a n ti ty  of 
th e  a g e n t ,  th e  f a s t e r  th e  m otion o f th e  r e c e p ie n t  body. A lthough th e  quan-
th e  p r in c ip a l  ag en ts  o f  a l l  th in g s .  For th u s ,  th e  e a r th  excep ted , c e r ta in ly  
none o f th e  o th e r e n t i t i e s  a re  c o n s tru c te d  by c o ld , b u t as  i t  has been s a id  
and w i l l  be s a id ,  a l l  th in g s  a re  form ed by h e a t;  however, i n  o rder th a t  th e  
c o n d itio n  be com pleted, th ey  need even th e  works o f cold  because i t ,  a s  i t  
w ere, in te r c e p ts  and m oderates th e  a c t io n  o f h e a tj  and i t  i s  n e ce ssa ry , as 
i t  has  been s a id ,  th a t  th e  o th e r o f th e  f i r s t  b o d ie s j co ld , i s  i t s e l f  seen  
i n  th e  same way as  one o f  th e  named p r in c ip a l  a g e n ts ."
^^ Ib id . , p , 12 : "h ea t i s  by i t s  n a tu re  m obile , co ld  on th e  c o n tra ry
im m obile; and f o r  th a t  re a so n  when th e  form er approaches th e  su b stan ce  i t  
forms a tenuous and l i g h t  body; when th e  l a t t e r  a dense and heavy th in g ;  th u s  
th e  th in g  made i s  acco rd ing  to  th e  power; and every  sp e c ie s  o f  h e a t i s  w hite  
and a s  i t  were v i s ib le .
^ I b i d . ,  pp .
^ I b i d . ,  p . 36 ; coDçiare, pp . 23 ,  UO-lil.
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t i t a t i v e  r e l a t i o n  betw een th e  i n t e n s i t y  o f  c a lo r  and th e  speed of the  
globe was ne-ror ex p ressed , much of T e le s io 's  w r it in g  im p lie s  a  d i r e c t  one- 
to -o n e  r a t io .^ ^
T elesio  considered  c a lo r  and f r ig u s  to  be th e  immediate c re a tio n s
and under th e  d i r e c t  c o n tro l  o f th e  C re a to r , who made and r u le d  them. Few
doubted th a t  God had c re a te d  th e  E a rth  and watched over the  E a rth  w ithou t
u s in g  in te rm e d ia r ie s 5 T e lesio  s t r e s s e d  th a t  th e  same care had been  shown
in  th e  c re a tio n  o f th e  heavens;
Non sane c a lo r i s ,  p e r  s e ,  e t  tem ere , n u llaq u e  a g en tis  r a t i o n e ,  sed a  
Deo, a  longe nimirum p o ten tiss im o  longeque sap ie n tis s im o  o p if ic e ,  e t  
a quo ip s e  f a c tu s  e s t  c a lo r ,  d i r e c t i ,  e t  Dei a r b i t r i o  im peidoque 
a g e n tis ,  caelum opus e s s e , e t  s a c ra e  nos d iv in ae  l i t t e r a e  e t  humana 
e tiam  docet r a t i o :  quae s c i l i c e t  nec c a lo r i  nec e n ti  a l i i  p ro ru s
u l l i ,  sed  u n i Deo opus a t t r i b u i  s i n t ,  quod a r t e  ta n ta  ta n ta q u e  s a p i-  
e n t ia  e t  p o te n t ia  constructum  s i t  t a n t a . ^
The h o t-c o ld  dichotomy o f t h i s  system , i f  accep ted , accoun ted  f o r  
th e  observab le  phenomena. The E a r th , co ld  and heavy, r e s te d  i n  th e  c e n te r  
o f  th e  heavens w h ile  th e  h o t ,  l i g h t  c e l e s t i a l  bodies moved around i t . ^ ^
The Sun su p p lie d  h ea t f o r  th e  E a rth  and a l l  motus upon the E a r th ; th e  un­
eq u a l q u a n t i t ie s  o f c a lo r  ass ig n ed  by an a l l -w is e  God to  th e  Moon and o th e r  
su p ra lu n ar g lobes ex p la in ed  th e  v a r ie d  m otions beyond th e  E a r th .
T e le s io ’s system  was s t r u c tu r a l l y  much l ik e  A r i s t o t l e 's .  Each a s ­
sumed a  dichotoity  f o r  th e  u n iv e rse  and th e n  had exp la ined  a l l  m otions in
^ ^ I b id . ,  pp . 1^1-15U, 255-259.
Ib id . ,  pp. 36-37: " I t  i s  a b s o lu te ly  n ecessary  th a t  th e  heavens be
made from h ea t n o t p e r  s e ,  o r by a c c id e n t ,  o r by any reason of o r ig in ,  b u t 
by God, c e r ta in ly  th e  most pow erfu l and most w ise b u ild e r ,  by  whom h ea t i t ­
s e l f  has been made d i r e c t ly ;  by God, judge and r u le r  o f the agen t h e a t ,  as  
Sacred S c r i tu re  and even human rea so n  teach es  u s . Undoubtedly n e i th e r  to  
h e a t nor to  any o th e r b e in g  d i r e c t l y ,  b u t to  one God must i t  be a t t r ib u te d  
because i t  has been co n stru c ted  w ith  such g re a t a r t ,  wisdom and pow er."
^^Ibid., pp. lk -17 .
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term s o f  th e  s p e c ia l  p ro p e r t ie s  o f each re g io n . One could n e i th e r  p re ­
d ic t  n o r c a lc u la te  a stro n o m ica l even ts in  e i th e r  system  w ithou t a s s ig n ­
in g  a r b i t r a r y  v a lu es  to  v a rio u s  component p a r t s j  one could e x p la in  phe­
nomena on ly  in  th e  most g e n e ra l te rm s. Thus, w hile  both  A r i s to t le  and 
T e le s io  provided lo g ic a l ly  coheren t th e o r ie s ,  n e i th e r  was s a t i s f y in g  to  
such men as  Brahe and K epler who were in te n t  upon th e  ex ac t d e s c r ip t io n  
o f th e  c e l e s t i a l  re g io n  and th e  p re c is e  p re d ic tio n s  of ev en ts  th e r e in .
The id e a  o f h e a t as an  a c t iv e  ag en t in  th e  cosmos was an o ld  one. 
From a n c ie n t tim es F ire  and h e a t had o f te n  been jo in e d  w ith  th e  heaven ly  
m otions and d u rin g  th e  l a t e  s ix te e n th  and e a r ly  sev en teen th  cen tu ry  th e  
com bination con tinued  to  be used . We have seen t h a t  Francesco P a t r i z i  
p o s tu la te d  c a lo r  as  one o f  h is  fo u r elem ents and had i t  accompany lumen 
t o  a c t  on f lu o r  to  form  a l l  c o rp o rea l o b j e c t s . T h o m a s  C arçan e lla  in ­
co rp o ra ted  much o f T e le s io ’s th e o ry  in to  h is  own.^*^ Y et, h e a t th e o r ie s  
were never e s p e c ia l ly  p o p u la r; T e le s io ’s was no ex cep tio n .
There were only a few o th e r w r i te r s  in  th e  l a t e  f i f t e e n  hundreds 
who a ttem p ted  a  m echanical e x p lan a tio n  w ithou t spheres fo r  a l l  o r p a r t  
o f  t h e i r  a stro n o m ica l system s. N ico las %rmers s ta t e d  th a t  some fo rc e  
k ep t th e  f ix e d  s t a r s  i n  t h e i r  re s p e c tiv e  p o s i t io n s  b u t he added th a t  he 
d id  n o t know what th a t  fo rc e  was; "Tota autem fix a ru m  s te l la ru m  n esc io
^^See p . 89 supra
17 Thomas C aitçanella, Cairg)anellae o rd in . p ra e d ic . a s tro lo g ico ru m  
l i b r i  v i .  i n  quibus a s t r o lo g i i ,  omni s u p e r s t i t io n s  Arabum & ludaeorum " 
e lim in a te  p h y s io lo g icè  t r a c t a t u r ,  secundum S. S c r ip tu ra s ,  & doctrinam  S . 
Hiomae, & A lb e r t i ,  & summorum theologorum ; i t a  vô absque su sp ic io n s  mala 
i n  e c c le s ia  Dei m ulta cum v t i l i t a t e  l e g i  p o s s in t  (Lugdvni: Sumptibus
J a c o b i, Andreae, & M atthaei P r o s i ,  1629;, pp. 2 , 96- 97 .
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quo v in c u lo  cohaerens a tque  coagraentata connexio, . . . F o rce s , a s  such, 
were o n ly  in c id e n ta l  item s i n  Rymers work. This one seems to  have been in ­
cluded  because he had no spheres and needed some dev ice  t o  keep th e  f ix e d
s ta r s  moving as a  u n i t .  The movements o f th e  r e s t  of th e  heavenly  bod ies 
were d e sc r ib e d  w ith o u t c o n s id e ra tio n  of t h e i r  cau ses .
Giovanni B a t t i s t a  B en e d e tti used  bo th  the  lo c a t io n  of th e  c e l e s t i a l
bo d ies  and some o u ts id e  in f lu e n c e  as th e  e f f e c t iv e  movers in  h is  system :
Motus corporum c o e le s tiu m  s i t  r a t io n e  s i t u s ,  & v a r i e t a t i s  v i r t u t i s  
s t e l l a e  i n  d iu e r s is  l o c i s ,  haec autem  v a r ie ta s  absque d iu e rso  s i t u  
eiusdem  s t e l l a e ,  nec d iu e rsu s  h ie  s i t u s  absque motu f i e r i  p o s se t, 
i t a  v t  motus s te l la ru m  s i t  r a t io n e  d i u e r s i t a t i s  situum  ipsarum , ergo 
m otus, & d iu e r s i t a s  situum , f i t ,  ob diuersam  i n f l u e n t i a m . 2 0
B e n e d e tti ,  l ik e  Rymers, d id  n o t go in to  d e t a i l .  Both h in te d  a t  b u t d id  no t
e x p lic a te  a  m echanical model f o r  th e  heavens. I t  was on ly  a f t e r  th e  tu r n  
o f  th e  cen tu ry  th a t  m otor system s w ithou t e i th e r  sp h eres  or anima were p re ­
sen te d  i n  any d e t a i l .  B en e d e tti *s and % rmers's c e l e s t i a l  motors were a c ­
tu a l ly  no more th a n  p a ss in g  comments in  an a s tro n o m ica l t r e a t i s e .
The E ng lish  m athem atician  N a th an ie l Torpor le y  (l561i-l632) subm itted  
h is  th e o ry  o f c e l e s t i a l  m otors to  h is  re a d e rs  as an  addendum to  h is  book
1 ftN ico las  % m ers, N ic o la i  Raymari 7 r s i  D ithm arsi fvndamentvm a s t r o -  
nomicvm. Id  e s t  nova d o c tr in a  s inw m  e t  tr ian g v lo rv m . Eaqve a b so lv tis s im a  
e t  p e r fe c t is s im a , e iv sq v e  vs vs i n  astronom ica c a lc u la t io n s  & o b seru a tio n e  
(A rg e n to ra ti :  Excudebat B ernardus lo b in ,  1588), p .  38 v e rs o : "However, a l l
o f th e  f ix e d  s t a r s  hang to g e th e r  by what bond I  know n o ïl T”. . "
^^I b id . , pp. 37 r e c to - 38 v e rso .
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G iovanni B a t t i s t a  B e n e d e tti, l o .  B a p tis ta e  B en e d ic ti P a t r i t i j  V eneti 
p h i lo s o p h i. D iversarvm  specv lationvm  mathem aticarum , e t  physicarum  l ib e r  
(T av r in f: Apud Haeredem N ic o la i  Beuila q u e , l5 8 5 j, p . h l3 :  "The m otion of
th e  c e l e s t i a l  bod ies i s  by rea so n  of t h e i r  lo c a t io n  and th e  d iv e r s i ty  o f  
s t e l l a r  v i r tu e  i n  d iv e rs e  p la c e s ;  t h i s  d iv e r s i ty ,  however, can n o t be w ith ­
o u t a d i f f e r e n t  lo c a t io n  o f  th e  same s t a r ,  nor t h i s  d i f f e r e n t  lo c a t io n  w ith ­
ou t m otion; th u s ,  as  th e  m otion o f th e  s t a r s  i s  by reaso n  of t h e i r  d iv e rse  
lo c a t io n ,  th e re fo re ,  m otion, and d iv e r s i ty  of lo c a t io n ,  i s  from a  d i f f e r e n t  
in f lu e n c e ."
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21D ic lid e s  coelom etricae ( l6 0 2 ) , a  work ex p la in in g  v a rio u s  ways to  make
a c c u ra te  astro n o m ical o b se rv a tio n s  and p re se n tin g  ta b le s  o f r e s u l t s  from
such o b se rv a tio n s . T orporley  gave h is  system  only i n  th e  most g e n e ra l
manner, and although he prom ised to  p rov ide  a  more com plete tre a tm e n t
22l a t e r ,  he ap p aren tly  n ezer d id  so . Torporley»s arrangem ent was i n  many 
re s p e c ts  th e  t r a d i t io n a l  one. The E a rth  r e s te d  in  th e  c e n te r  o f th e  u n i­
v e rse  w ith  Moon, Sun and p la n e ts  o rb i t in g  around i t  i n  th e  accep ted  o rd e r.
He p re se n te d  no theory  o f th e  s t r u c tu r e  o f th e  heavens, made no comment 
on th e  n a tu re  o f the Sun, Moon o r p la n e ts ;  he n e i th e r  in c lu d e d  nor ex­
cluded comets from  th e  su p ra lu n a r w orld , and he ignored  th e  f ix e d  s t a r s  
c o u ç le te ly . No one o f  th e se  was a m ajor c o n s id e ra tio n  f o r  him.
T orporley  did no t deny th e  e x is te n c e  of th e  heavenly  spheres a l ­
though th e re  were none i n  h is  system . VJhile r e ta in in g  th e  h o m o cen tric ity  
o f th e  u n iv e rse  u su a lly  a ss o c ia te d  w ith  th e se  sp h e res , he added a  new 
elem ent: "Sunt autem Hypotheses n o s tra e  r e c t i l i n e a r  e s ,  & f e r e  homocen-
tra e ." ^ 3  The inn o v a tio n  was, t r a d i t i o n a l l y ,  in c o n p a tib le  w ith  any th eo ry  
o f m otion i n  th e  c e l e s t i a l  re g io n ; T orporley m ain tained  th e  com bination 
by a s s ig n in g  "cuique P la n e ta r  urn rec tam  lineam , quam p e r musicara s im i l i -
^^N ath an ie l T o rpo rley , D ic lid e s  coelom etricae  seu  v a lv ae  astronom icae  
v n iv e r s a le s .  Omnia a r t i s  t o t i u s  rounera p sephophoretica  i n  s a t i s  m odicis 
f in ib u s  duarum tabularum  methodo noua, g e n e ra l i ,  & fa c il im a  c o n tin e n te s . 
P raeeun te  d ir e c t io n is  a c c u ra ta  consumata d o c tr in a , a s t r o lo g ia  hactenus 
plurimum d e s id e ra ta  ÇLondini: Excudebat F e lix  K ingston , 1602), pp . v2
re c to -v e r s o .
2?N a th a n ie l T orporley , " The D ic tio n a ry  o f N a tio n a l B iography.
Founded i n  1882 by George Sm ith, ed . L e s lie  Stephen and Sidney Lee (22 
v o ls . ;  London: Oxford U n iv e rs ity  P re s s ,  1937-1938), XIX, pp . 988 does
no t l i s t  any l a t e r  w ritin g s  p u b lish e d  by T orporley .
21-^Torporley, D ic lid e s  co e lo m etricae , p . v2 r e c to ;  "Our hypo theses, 
however, a re  r e c t i l in e a r  and approx im ately  hom ecentric. "
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tudinem  dicim us Chordam v e l  Neruiim, a u t cum Mechanxcis Vectim.
Tiîhile he s a id  n o th in g  abou t th e  Sun and Moon when he f i r s t  a ss ig n ed  th e  
"rectam  lineam " to  th e  p la n e ta ry  b o d ies , th e se  g lobes a ls o  .had such a  l in e  
segment a s so c ia te d  w ith  them. The length  o f th e  segment v a ried  f o r  each  
of th e  c e l e s t i a l  b o d ie s , presum ably in c re a s in g  a s  th e  d is ta n c e  from  th e  
E arth  in c re a se d , b u t T orporley  ass ig n ed  no s p e c i f ic  v a lu e  to  any one o f 
them.
This s t r a ig h t  l i n e  was th e  base upon w hich Torporley  b u i l t  th e  r e ­
m ainder of h is  system ;
In  hu ius a l t e r o  term ino  collocamus ipsum Planetam , u t i  molem i n  v e c t i s  
term ino  mouendamj in  a l i o  verS e iu s  extreme ipsam  vim m otricem , qnam 
a l t e r  music% d i camus Magadem,^^
From t h i s  d e s c r ip t io n  to  th e  end o f h is  d isc u ss io n  T orporley  see-saw ed b e ­
tween a  p h y s ic a l  le v e r  and h is  o r ig in a l  s t r a ig h t  l i n e .  At tim es he seemed 
to  have considered  t h i s  a  p h y s ic a l r e a l i t y ;  on o th e r  occasions i t  was noth­
in g  more th an  a  co n cep tu a l d e v ice . R eal o r im agined having p laced  th e  Magas 
on th e  "rectam  lineam " o p p o s ite  th e  p lan e ta ry  body and having d e c la re d  t h i s  
to  be th e  m otive v i r tu e  o f  th e  system , he proceeded to  ex p la in  how i t  moved;
E t mouetur Magas p e r  lineam  medij motus P la n e ta e  in  c irc u lo  quodam 
m a io ri, sed  in  o p p o s ite  p a r te  eiusdem lin e a e  m edij motus; & ideo  h u iu s  
c i r c u l i  d iam eter n u l la te u s  m aior e s t  quam P la n e ta e  v e c t i s ;  i t a  enim 
P lan e ta  n ih ilom inus ad  locum verum s p e c ta b i t ,  arabiente t  e r r  am d ic to  
c ir c u lo .
^^ Ib id . : "a s t r a ig h t  l in e  to  each o f  th e  p la n e t s ,  which th rough  a
m usical analogy we c a l l  a  chord o r s t r in g ,  o r w ith  th e  mechanics a le v e r ."
^^ Ib id . : "We p la c e  on one end o f t h i s  th e  p la n e t  i t s e l f  as th e
w eight moving on th e  end o f  th e  le v e r ;  on th e  o th e r extrem e, t r u l y ,  th e  
motor v ir tu e  i t s e l f  which we c a l l  by ano ther m u sica l te rm  'M agas'. "
^^ Ib id . ; "And th e  Magas i s  moved through a  p a th  of mean m otion, 
th e  p la n e ts  in  a  somewhat g re a te r  c i r c l e ,  b u t in  th e  o p p o site  p a r t  of th e  
same l in e  o f mean m otion , and fo r  t h i s  reason th e  d iam eter o f t h i s  c i r c l e
1Ü9
Thus, any p la n e t and i t s  corresponding  Magas would alw ays be on opposite 
s id e s  o f th e  E a rth . T orporley  d id  no t sp e c ify  w hether o r n o t th e  Earth 
was a t  th e  exact c e n te r  o f  h is  system ; th e  o r b i t  d e sc r ib e d  by th e  Magas 
was n o t th e  same as th a t  t r a c e d  by th e  p la n e ta ry  body, b u t th e  two d id  
have a  common c e n tr a l  p o in t th a t  was not th e  E a rth  betw een them. The 
E a rth  could  w e ll have been  i n  th e  p h y s ic a l c e n te r  o f th e  system , and the 
geom etric  c en te r  of th e  c i r c l e s  d e sc rib ed  by th e  Magas and th e  p la n e t 
could  have been some p o in t  o th e r th a n  th e  E a rth .
The Magas-p la n e t  arrangem ent accounted on ly  f o r  th e  p la n e ta ry  o rb it  
around th e  E a r th . To e x p la in  th e  p la n e t 's  m otion w ith  re g a rd  to  th e  e c lip ­
t i c ,  T orporley  in tro d u ce d  " a liu d  quoddam punctum vagum, quod P lec trum  aut
27%Fpomoclium d ic im u s."  He lo c a te d  t h i s  fu lc rum  betw een th e  p la n e t and 
i t s  m otor v ir tu e  and made i t  th e  c e n te r  o f a "cuiusdam  a l t e r i u s  c i r c u l i ,  
m in o ris  p rim e."  what means o r i n  e x a c tly  what way t h i s  a f f e c te d  the
p la n e ta ry  m otion, Torporley  d id  n o t s t a t e .  He ex p la in ed  o n ly : "E t mouetur
i l i a  sem idiam eter r a t io n e  Anom aliae."^^
The one d e t a i l  concern ing  h is  system  which T orporley  d id  g ive was 
th e  placem ent o f th e  ma gas and th e  p lec tru m  f o r  each o f th e  c e l e s t i a l  
b o d ies  :
Habent p ra e te re a  t r e s  superiores"^lj_0*comimine P lec trum , ip s iu s  fo r te
i s  by no means g re a te r  th a n  th e  le v e r  o f th e  p la n e t ;  f o r  th u s  th e  p lan et 
n o tw ith s tan d in g  w i l l  be s i tu a te d  a t  i t s  t ru e  p la c e  moving around th e  E arth  
i n  th e  s a id  c i r c l e . "
^^Ib id .  : "ano ther c e r ta in  w andering p o in t which we c a l l  th e  Plectrum
o r fu lc ru m .
^^I b id . : " c e r ta in  o th e r  c i r c l e ,  sm alle r th a n  th e  f i r s t . "
^ ^ Ib id . : "And th a t  sem idiame t e r  i s  moved by rea so n  o f th e  Anomaly. '=
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O  centrum , sed Magades d iu e r s a s .  T res vero  sequ en tes  O 
habent communem Magadem, sed  P le c tr a  d iu e rs a :  Sed utrunque
proprium  o b t in e t .  E t p ro p te r  la titu d in e m , t r e s  su p e r io re s  haben t 
Magades i n  c i r c u l i s  o b li^ u is  s u is ;  sed  P lectrum  (q u ia  Q  ) in  
e c l i p t i c a :  p  autem  & ?  habent Magadem in  e c c l ip t i c a  (a u t s i  
quando p e r  libram entum  e x tra  e c c lip tic a m , i n  s u p e r f ic ie  tamen 
eidem p a r a l l e l s )  sed  P lec trum  in  o b liq u is .  O vero  habet u trunque 
i n  e c c l ip t i c a .  E t J )  u trunque in  ob liquo .^^
Thus, f o r  T orporley  th e  v a rio u s  p la n e ta ry  r e la t io n s  to  th e  e c l i p t i c  
were m ain ta in ed . With e i t h e r  th e  Magas o r th e  fu lc rum  on th e  e c l i p t i c ,  th e  
p la n e ta ry  body could n o t wander to o  f a r  from  t h i s  p a th . The Sun and Moon 
were f o r  him extrem e c a se s . In  th e  s o la r  system  th e  P lec trum  moved tow ard 
th e  Magas u n t i l  i t  was i d e n t i c a l  w ith  i t ;  t h i s  gave th e  p lec trum  i t s  g re a t­
e s t  p ro p o r t io n a l  le n g th  from  th e  p la n e ta ry  body. In  th e  lu n a r  s i tu a t io n  
th e  Magas advanced u n t i l  i t  jo in e d  th e  P lectrum ; th e  p ro p o r tio n a l le n g th  
betw een Magas and p la n e t  was a minimum. In  a l l  o th e r c a se s , th e  two p o in ts  
were s e p a ra te .
A fte r  s e t t l i n g  th e  p o s i t io n s  o f  th e  Magas and P lec trum  f o r  each o f
th e  heavenly  b o d ie s , Torporley  ended h is  d is c u s s io n  o f th e  c e l e s t i a l  motor
system . "Atque i s t i s  c o n c e s s is , omnia motus phaenomena, u t  c o r o l la r ia  non
31i n u i t i o ,  . . . .  seq u e tu r. How th ey  fo llow ed  was l e f t  to  th e
re a d e r .
^^ Ib id . : v2 v e rso  "B esides th e  th re e  s u p e r io r  p la n e ts  have a  common
p lec tru m , th e  c e n te r  o f which i s  by chance th e  Sun, b u t t h e i r  Magas a re  d i ­
v e rs e . T ru ly , th e  nex t th re e  have a  common Magas b u t d iv e rs e  P le c t r a ;  But 
th e  Moon keeps b o th  p ro p e r . And on account of th e  l a t i t u d e  th e  th r e e  supe­
r i o r  p la n e ts  have îfe-gas i n  t h e i r  o b liq u e  c i r c l e s ;  b u t th e  P lec trum  (which i s  
th e  Sun) on th e  e c l i p t i c ;  Venus and M ercury, however, have th e  Magas on th e  
e c l i p t i c  (o r  i f  a t  any tim e  th rough  w eight o u ts id e  th e  e c l i p t i c  i n  th e  upper 
su rfa c e  p a r a l l e l  t o  th e  same, how ever), b u t th e  P lectrum  in  th e  o b liq u e  c i r ­
c le .  The Sun, t r u l y ,  has bo th  on th e  e c l i p t i c .  And th e  Moon has bo th  on 
th e  o b liq u e ."
^ “b lb id . ; "And th e s e  th in g s  b e in g  ad m itted , a l l  phenomena of m otion 
fo llo w  by d ed u ctio n  no t from  in d u c tio n ."
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Torporley*s system  was n o t m entioned by h is  con tem poraries. The 
vagueness and incom pleteness o f i t ,  a t  a  tim e when more d e ta i le d  system s 
were a v a i l a b le ,  were handicaps to  i t s  be ing  accep ted . A g re a te r  h indrance  
was th e  la c k  o f d e f in i te n e s s  about th e  n a tu re  o f the  " l in a  r e c ta ” which 
connected  th e  p la n e t  and i t s  Magas. I f  t h i s  were a  p h y s ic a l  le v e r ,  one 
could e a s i ly  e x p la in  how th e  m otive fo rc e  moved th e  p la n e t ,  bu t one had 
d i f f i c u l t y  p a ss in g  over th e  in te r s e c t io n s  o f th e  v a rio u s  p la n e ta ry  le v e rs  
among them selves as  w e ll as  t h e i r  c o l l i s io n s  w ith  th e  E a rth . I f  th e  " l in a  
r e c ta "  were no more th an  a  m enta l con cep t, th e  d i f f i c u l ty  o f  in te r s e c t in g  
co rp o re a ls  was av o ided , b u t th e  q u e s tio n  o f  th e  n a tu re  o f  th e  Magas—a 
q u e s tio n  th a t  could be igno red  more e a s i ly  i f  one worked i n  a  system  o f 
p h y s ic a l  le v e r s —and how i t  a c te d  upon th e  p la n e t to  produce m otion was 
im m ediately  in  th e  fo reg round . F o r , once th e  " lin e a  r e c ta "  became no more 
th an  an  im agined l in k  betw een Magas and p la n e t ,  the  motors i n  th e  system  
had to  move t h e i r  m obiles w ith o u t hav ing  co n tac t w ith  them . The only 
fo rc e s  o f t h i s  k ind  a v a ila b le  a t  th e  tim e were v ir tu e s  l in k e d  w ith  some 
v i t a l  p r in c ip le .
The p resen ce  in  th e  c e l e s t i a l  re g io n  of p h y s ica l bod ies o th e r th a n  
th e  p la n e ts  was n o n -accep tab le  to  th e  m a jo rity  o f th e  n a tu r a l  ph ilo so p h ers  
a t  t h i s  t im e . So was a c t io n  a t  a  d is ta n c e .  Torporley*s system  as p re ­
sen ted  i n  th e  D ic lid e s  coelo m etrica  could  n o t avoid using  one o r th e  o th ­
e r .  A lo n g e r, more d e ta i le d  t r e a t i s e  on th e  su b je c t might have "saved th e  
phenomena" and saved T o rp o rle y 's  system . Such a  work was nev er p u b lish ed , 
and th e  system  as s ta te d  never became p o p u la r . I t  i s  in t e r e s t in g  on ly  as 
one m an's answer to  "What moves th e  c e l e s t i a l  bod ies?"
A nother Englishman p re sen te d  h is  answer to  th e  same q u e s tio n  a few
152
y e a rs  l a t e r ,  Thomas l y d i a t ,  m athem atician  and c o u r t ie r ,  combined some 
p o s tu la te s  from  c la s s ic a l  a s tro n o m ica l sy stem s, id e a s  c u r re n t  among h is  
c o n te u ç o ra r ie s , and o r ig in a l  a d a p ta tio n s  o f th e se  id e as  in  h is  P ra e le c t io  
a s t r o n o m i c a Although he r e ta in e d  th e  concept o f a g e o s ta t ic .  E a rth -  
c en te red  s p h e r ic a l u n iv e rs e , ly d ia t  co n sid e red  th e  A r i s to te l i a n  d i s t in c t io n  
betw een th e  c e l e s t i a l  and t e r r e s t r i a l  re g io n s  to  have been d isp ro v en  by th e  
astronom ers who had shown th a t  th e  comets were " in  ip s a  c o e le s t i  reg io n s  
sup ra  lunae a t e r r a  d is ta n tia m  & a lt i tu d in e m . The e lim in a tio n  of t h i s  
dichotomy p erm itted  him to  co n sid e r th e  su p ra lu n a r re g io n  in  th e  same term s 
a s  th e  su b lu n ar one and to  use f a m il ia r  E a r th ly  movements and causes in  th e  
heavens.
l y d ia t  adopted th e  t r a d i t i o n a l  s c h o la s t ic  approach  th a t  " co g n itio  
r e i  dependet a  co g n itio n s  cau sae ,"  bu t s in g le d  out th e  cause o f m otion, 
"p raec ipue  de causis  eorum motuum," as  th e  prim e n e c e s s i t y F u r t h e r ­
more, l y d ia t  accused p rev io u s  astronom ers o f n e g le c tin g  t h i s  s tu d y  and 
th e re b y  c o n tr ib u tin g  to  th e  e r r o r  and la c k  o f  developm ent i n  a s tro n o m ica l 
s tu d ie s .
B efore in tro d u c in g  h is  own th e o ry , ly d ia t  re fu te d  th e  arguments of 
th re e  groups: those who allow ed in te l l ig e n c e s  to  move th e  heavens; th o se
^^Thomas ly d ia t ,  P ra e le c t io  astronom ica . De n a tu ra  c o e l i  & condi- 
t io n ib u s  elementorum: turn autem de c a u s is  praecipuorum  motuum c o e l i  & 
she'llai-um (L ondini; Joannes B i l l ,  160$).
^^ I b id . ,  p. 2ii: " in  th e  c e l e s t i a l  re g io n  i t s e l f  f a r  beyond the
d is ta n c e  and heigh t of th e  Moon from  th e  E a r th ."
^^ Ib id . ,  p . 51: "Knowledge of a  th in g  depends on th e  knowledge of
i t s  cau se , .  . . p a r t ic u la r ly  o f th e  causes o f  t h e i r  m otions.
3^Ibid.
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•who a t t r ib u te d  c e l e s t i a l  m otions to  th e  p ro p e r form o f  th e  heavens; and
th o se  who in tro d u ced  some d iv in e  -v irtue or power in to  th e  c e l e s t i a l  re g io n .
He r e je c te d  th e  in te l l ig e n c e s  because
non p o te s t  d em o n stra ri i n  A r i s to t e l i s  P h ilo so p h ic , vtrum  s ^ t  v l la e  
in t e l l i g e n t i a e  v e l  i n  rerum  n a tu ra  v e l  ex tea  earn, an non.^°
To th o se  who a t t r ib u te d  the  c e l e s t i a l  m otions to  the p roper form o f th e  
heavens, ly d ia t  r e p l ie d  th a t  t h i s  e x p la n a tio n  could h o t be accep ted  un­
le s s  one ad m itted  th a t  th e  heavens were an im ated . Since however,
Verumenim vero neque coelum neque s t e l l a s  e sse  an im ates, p rae terquam  
quod i j  qu i a ff irm a n t e sse  non p ro b a n t, cum non dem onstran t ip s a s  mou- 
e r i  sua sponte p o tiù s  quam n a tu r a l i  quadam n e c e s s i ta t i ;  i l l u d '  argum ente 
e sse  p o te s t  quod ap p arean t e sse  corpora  re g u la r ia  & v n ifo rm ia , non o r -  
gan ica , ideoque minimi accommoda animae h a b ita c u la , -v ti r e c te  d o ce t 
A r is to te le s .37
L a s tly  ly d ia t  answered those  who p o s tu la te d  t h a t  some d iv in e  v i r tu e  o r power
moved th e  heavens. W iile  th e re  could be no doubt th a t God had made th e  w orld
and th a t  He su s ta in ed  a l l  c re a tio n
nimirum h u ic  prim ae & supremae & comrauni & Theologicae rerum  omnium 
causae, su b o rd in an tu r a l i a e  secu n d ariae  & propinquae & p ro p r ia e  & 
n a tu ra liu m  quidem rerum  P h y s io lo g ic a e . . . .38
As a  rep lacem ent f o r  th e  no lo n g e r accep tab le  heaven ly  sp h e re s , d i s -
3 % b id . ,  p . 52: " i t  can n o t be dem onstrated  in  th e  ph ilo so p h y  o f
A r is to t le  w hether o r  n o t th e r e  a re  any in te l l ig e n c e s  e i th e r  in  th e  n a tu re  
o f  th in g s  o r  o u ts id e  t h a t  n a tu re .
37ib i d . , pp. 5U-55: " indeed  n e i th e r  th e  heavens nor th e  s t a r s  a re
anim ated , e s p e c ia l ly  s in c e  th o se  who a f f i rm  i t  have n o t proved i t  by ex p er­
ie n c e , s in ce  th ey  have no t dem onstrated  t h a t  th e  heavens a re  moved volun­
t a r i l y  r a th e r  th a n  n a tu r a l ly  o r by n e c e s s i ty ;  t h a t  l a s t  could  be th e  a rg u ­
ment because th ey  ap p ear to  be re g u la r  and uniform  b od ies, n o t organism s, 
and th e re fo re  th ey  a re  le s s  l i k e ly  to  be th e  dw elling p lace  of a s o u l ,  as 
r i g h t ly  teach es  A r i s to t l e . "
^^I b id . ,  p . 551 "but c e r ta in ly  to  t h i s  f i r s t  and supreme and u n i­
v e r s a l  and th e o lo g ic a l  cause o f a l l  th in g s ,  o th e r  secondary and n e a r and 
p roper and c e r ta in  p h y s io lo g ic a l causes o f n a tu r a l  th ings a re  su b o rd in a te d . "
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p laced  in te l l ig e n c e s ,  p roper forms and d iv in e  in te r v e n t io n ,  ly d i a t  p ro ­
posed th a t  "elementurn aquae multo maximam partem  ex sacrarum  l i te ra ru m
39& n o s tra  s e n te n ti a  nuper e x p o sita  firm am ento c o e l i  circmnfusum,
The use o f  t h i s  ag en t depended upon th e  n a tu r a l  f l u i d i t y  o f w ater and 
th e  e x is ten c e  of th e  super c e l e s t i a l  w a te rs . The form er was a  w e ll-  
known observab le  n a tu r a l  p h e n o m e n o n . T h e  l a t t e r  was s ta t e d  in  Holy 
S c r ip tu re .^ ^
In  ex p la in in g  how th i s  ag en t caused c e l e s t i a l  m otions, ly d ia t  
d iv id ed  th e  heaven ly  movements in to  th re e  groups: th e  d iu r n a l  m otion,
th e  w e s t- to -e a s t  p la n e ta ry  m otion, and th e  re tro g ra d e  movements o f th e  
p la n e ts .  The f i r s t  o f th e s e ,  th e  e a s t- to -w e s t  m otion o f th e  f ix e d  s t a r s ,  
was th e  im m ediate r e s u l t  o f th e  e x is te n c e  and p o s i t io n  o f th e  w aters 
above th e  heavens
W hile elsew here i n  h is  work, L yd iat den ied  th a t  th e  sp h eres  were 
h a rd  and s o l i d , i n  o rd er to  p rov ide  a  f irm  su rfa c e  upon which th e  su­
p e r c e l e s t i a l  w a ters  could r e s t  and a  base  fo r  th e  f ix e d  s t a r s  which could 
be moved a s  a  u n i t  by th e se  w a te rs , he needed some ty p e  o f  p h y s ic a l sphere 
f o r  th e  f ix e d  s t a r s .  This sphere was added to  h is  system  w ithou t any d e-
^ ^ I b id . ,  p .  ^6: "elem ent o f  w ater a  g re a t  p a r t  o f which acco rd ing
to  Sacred S c r ip tu re  and our sen tim en t flow s about th e  upper firm am ent o f 
th e  heavens."
^ ° I b id . ,  p p . 33 , 56-57.
^^ I d ,., p .  56
h3.
^ ^ I b id . ,  p p . 57-58
^ Ib id ., pp. 23-25.
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s c r ip t io n ,  and j u s t  beyond i t  ly d ia t  p laced  th e  w a te rs  above th e  heav- 
e n s . ^
I n  t h i s  p o s i t io n  th e  w aters had no shores t o  c o n ta in  them and th u s  
th e y  moved c o n t in u a lly ,^ ^  l y d i s t  assumed th a t  h is  re a d e rs  would accep t 
t h i s  m otion w ith o u t q u e s tio n . He noted  th a t  th e re  was n o t "vullum  co r­
pus circumfusum i p s i  s u p e rc o e le s t i  aquae, neque a l iu d  quicquam inç ied i- 
u e r i t  quo minus e iu s  motus c i r c a  aequatorem  s iu e  i n t r a  t ro p ic o s  f u e r i t  
c e le rr im u s , b u t he gave no reaso n  why th e  w a ters  above th e  n o rth  ce­
l e s t i a l  p o le  d id  n o t flow  so u th  o r any e x p lan a tio n  f o r  a  g iven a re a  on 
th e  su rfa c e  o f th e  s t e l l a r  sphere  sim u ltaneously  a c t in g  as a  h ig h e r p o s i­
t io n  f o r  th e  w a ter le av in g  i t  and a  lower le v e l  f o r  th o se  approach ing .
His p ro b ab le  answer to  th e  f i r s t  o b je c tio n  would have been th e  Providence 
o f th e  C reato r i n  th e  o rd e rin g  of th e  u n iv e rse ; h is  im plied  answer to  th e  
second was th e  s ta tem e n t in  h i s  g en era l d is c u s s io n  o f th e  m otion o f  w ater 
th a t  "eodem p a rs  praecedens t r a h a t  sequentem . . .  sequens autem t i a d a t  
praecedentem . As th e  w aters moved th ey  moved th e  sphere  b en ea th  them 
which i n  tu rn  c a r r ie d  along  a l l  w ith in  i t  "ten u issim ae  a e th ra e  circum - 
u o l u t i o . " Thus ly d ia t  accounted f o r  th e  prim ary c e l e s t i a l  m otion.
^ i d . ,  p p . 57-58.
^ % i d . .  p .  57.
^^ Ib id . ,  p . 58: "any body surrounding  th o se  s u p e r c e le s t ia l  w a te rs ,
nor an y th in g  uh ich  impeded i t  i n  th e  l e a s t  so th a t  i t s  m otion around th e  
eq u a to r w ith in  th e  t r c p ic s  w i l l  be th e  f a s t e s t , "
^’̂ I b id . ;  l y d i a t  used th e  care  of God in  c re a t io n  whenever he needed 
a  rea so n  and had n o th in g  e ls e  a v a i la b le .  See pp. 58 , 65.
^ ^ ly d ia t ,  P r a e le c t io  astronom ica, p . 56.
^^Ibid., p. 57.
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The second m otion, th e  d i r e c t  m otion o f  th e  p la n e ts ,  l y d ia t  ex­
p la in e d  by a  com bination o f th e  im petus a l l  th e  p la n e ts  rece iv ed  from  
th e  prim ary motion and th e  p o s i t io n  of each p la n e t  a t  th e  tim e i t  r e ­
ceived  th i s  im petus W hile th e re  was no impediment to  the  m otion of 
th e  s u p e r c e le s t ia l  w a t e r s , t h e r e  was a p p a re n tly  some re s is ta n c e  i n  th e  
a e th e r  th a t  p reven ted  a l l  o f th e  g lobes beneath  th e  spheres of th e  f ix e d
s t a r s  from moving w ith  a speed eq u a l to  t h a t  which th e  s t e l l a r  sphere  had
1^2
re c e iv e d  as a r e s u l t  o f i t s  co n tac t w ith  th e  moving w a te rs . This r e ­
s is ta n c e  in c re a se d  th e  c lo s e r  a body was to  th e  E a r th , and, th u s , p o s i t io n  
accounted fo r  th e  v a ry in g  d u ra tio n  o f  th e  heaven ly  p e r io d s . The Moon, 
c lo s e s t  to  th e  E a rth , met th e  most r e s is ta n c e  and so f e l l  behind more th an  
any o f  th e  o th e rs  i n  one tw en ty -fo u r hour p e r io d ; S a tu rn , th e  f a r th e s t  from  
th e  E a rth , lagged th e  least.-^-^
Having ex p la in ed  th e  v a ry in g  speeds o f th e  p la n e ta ry  b o d ie s , ly d ia t  
accounted fo r  th e  changing r a te  o f  m otion a long  a  p la n e ta ry  p a th  by making 
th e  speed a t  any g iven  p o in t in v e rs e ly  p ro p o r t io n a l  to  th e  d is ta n c e  a t  t h a t  
p o in t from th e  c e l e s t i a l  e q u a t o r . T h e  movement o f th e  s u p e r c e le s t ia l  
w aters supported  t h i s  assum ption because w h ile  a l l  th e  heavenly w a ters  com­
p le te d  t h e i r  c i r c u i t s  around th e  E arth  in  tw e n ty -fo u r hours , th e  w aters 
above th e  eq u a to r had to  move much f a s t e r  th a n  th o se  above th e  p o le s .  The
^° Ib id . , p .  61 
^ ^ b i d . ,  pp . 57-58. 
^^I b id . , p . 62. 
^^I b id . , pp. 59-61.
^^ Ib id . , pp . 61- 6 3 .
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bod ies below th e  w a te rs , s in c e  th e y  were c a r r ie d  by th e  movement o f them, 
had s im ila r  unequal speeds depending on th e i r  p o s i t io n ;  "ideoque i b i  m aior 
o b liq u ité s  v b i  m aior im petus, v t  c i r c a  aequatorem quàm c i r c a  t r o p ic o s ."
W hile th e  p o s i t io n  n o r th  o r sou th  o f th e  eq uato r and th e  d is ta n c e
from  th e  c e n te r  o f  th e  E a rth  accounted  for a  p l a n e t 's  speed  a t  any p o in t
in  i t s  o r b i t ,  ly d ia t  had d i f f i c u l t y  exp la in ing  th e  accep ted  f a c t  t h a t  th e
ap p aren t p la n e ta ry  p a th s  were n o t c irc u la r  and t h a t  th e  d is ta n c e  o f a
p la n e t from  th e  E a rth  v a r ie d  i n  th e  course o f i t s  re v o lu tio n  about th e
E a rth . This l a t t e r  phenomenon f o r  th e  Sun could be e x p la in ed  by ly d ia t  ' s
o f te n  used , unansw erable argum ent, th e  Providence o f th e  C re a to r :
Omnino sa p ie n tis s im o  Dei o p t . Max. c o n s ilio  factum  e sse  v id e a tu r ,  
v t  S o l lo n g iu s  a  t e r r a  f e r t u r  c i r c a  tro p ic o s j  v t  ea  r a t io n e  tem - ' 
p e re n tu r  a rd o re s  sub i p s i s  p ro p te r  longiorem  e iu s  moram i b i  a l io q u i  
f u t u r i  in to le r a b i l e s
D ivine Providence need n o t be so concerned ab o u t o th e r b o d ie s  i n  th e  u n i­
v e rse  so ly d ia t  had no e x p la n a tio n  fo r  th e i r  n o n -c irc u la r  movements;
"equidem modo n i h i l  habeo quod dicam , n is i  f o r t e  & hoc s i t  v is a s  h a l lu c i -  
n a t i o . T h e  re a d e r  could  supply  h is  own re a so n  i f  he w ished o r , l ik e  
ly d i a t ,  co n sid e r i t  som ething seen  b u t not r e a l  and a cc e p t i t  w ithou t un­
d e rs tan d in g  why God had made i t  t h i s  way.
To d is c u s s  th e  t h i r d  movement o f the heavens, th e  re tro g ra d e  m otion
^^ Ib id . ,  p .  6 l ;  "And th e re fo re  where th e re  i s  th e  g r e a te r  o b l iq u i ty ,  
th e re  th e  g re a te r  im petus, as around th e  equato r compared to  t h a t  around 
th e  t r o p i c s ."
^^ Ib id . ,  p . 6$; "A ll i s  seen  to  have been  made by th e  most w ise p la n  
o f th e  most h ig h  God, a s  th e  Sun i s  taken  f a r th e r  from  th e  E a rth  around th e  
tiro p ic s j in  o rd e r t h a t  by th i s  arrangem ent i t s  ray s  a re  tem pered under th e  
t r o p ic s ;  o therw ise  because of th e  s u n 's  long de lay  th e re  ev e ry th in g  would be 
in t o l e r a b l e . "
"̂̂ Ib id . , "For my p a r t  I  have noth ing  t h a t  I  may say  u n le ss  perhaps 
th a t  i s  an h a l lu c in a t io n ."
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o f  th e  p la n e ta ry  b o d ie s , l y d ia t  had to  in tro d u c e  a  second cau sa l fo rc e  in  
h is  system . The s u p e r c e le s t i a l  w a te rs , even f o r  l y d i a t ,  had t h e i r  l im i ta ­
t io n s .  W hile fo rm erly  n a tu r a l  p h ilo so p h e rs  had exp lained  th is  m otion by 
e p icy c le s  o r a  s e r i e s  o f sp h e re s , such dev ices  were n o t p e rm iss ib le  in  a  
system  which had no sp h e re s . The a e th e r  by i t s e l f  was n o t capable o f  p ro ­
ducing such a  m otion so l y d ia t  assumed th a t  th e  Sun was in  someway respon­
s ib le  f o r  th e  v a r i a t io n  i n  d i r e c t io n  e v id en t in  th e  p la n e ta ry  movements.^® 
The a c t io n  o f  th e  Sun was r e l a t e d  t o  th e  amount o f l i g h t  each g lobe r e ­
ceived  from  th e  Sun; th u s , a s  th e  d is ta n c e s  between th e  Sun and th e  p la n ­
e t s  in c re a se d  th e  e f f e c t  o f  th e  Sun on th e  p la n e ts  decreased .^^
For th e  th r e e  s u p e r io r  p la n e ts  th e  d is ta n c e s  between each g lobe and 
th e  Sun was so  g re a t t h a t  th e  only e f f e c t  o f th e  Sun on th e  w andering body 
was a  slow ing down, s to p p in g , changing of d i r e c t io n  o r speeding up o f  the  
p la n e t 's  m otion . The in f e r i o r  p la n e t s ,  however, were so c lose to  th e  Sun
th a t  th ey  were drawn to  i t  and t r a c e d  t h e i r  p a th s  around i t  as i t  c i r c le d  
60th e  E a rth .
Of a l l  th e  movements o f  ly d ia t  ' s  system  t h i s  th i r d  type of heavenly  
m otion was th e  l e a s t  c le a r ly  e x p la in ed . The d is c u s s io n  given i n  th e  Prae­
l e c t i o  astronom ica was based upon a  com parison of l y d i a t ' s theory  w ith  th e  
ex p lan a tio n  p rov ided  by th e  use o f e p i c y c l e s . T h e  p la n e ts  were n o t t r e a t ­
ed s e p a ra te ly  b u t o n ly  in  t h e i r  two main d iv is io n s  and an o ccas io n a l compar-
^^I b id . ,  pp. 66- 67 . 
^^I b id . ,  pp. 68- 69 . 
^° I b id . , pp. 68-73. 
^^ Ib id . , pp. 66- 73 .
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62i s  on o f one w ith  a n o th e r . The re tro g ra d e  m otion was no t seen in  th e  
f ix e d  s t a r s  because th e  d is ta n c e  between th e se  g lobes and th e  Sun was so 
g re a t:
ob eandem ra tio n em  s t e l l i s  i n e r r a t i c i s  nulXam, q u ia  eae p ro p te r  nimiam 
a  so le  d is ta n tia m  q u a s i e x tra  te lo ru m  e iu s  iactum  v id e n tu r  c o n s t i tu ta e :  
n i s i  f o r t e  s o le  v e rsa n te  c ir c a  t ro p ic o s ,  vb i ipsum a liq u a n to  sublim iorem  
& coelo viciniorem ,® ^
The Moon a ls o  showed no backward or s to p p in g  motion
v e l  q u ia  in fim a cum s i t ,  mi ni me omnium vim p rim i motus a d iu u a n tis  
so la riu m  radiorum  v i r e s  s e n t i t ;  v e l  q u ia  g rau iu s  e iu s  corpus quam 
caeterorum , p ra e se r tim  i n  c r a s s io r i  a e r e ,  r a d i j s  s o la r ib u s  minus 
e s t  obnoxium.®^
IJh ile  d e s c r ib in g  th e  e f f e c t  of th e  Sun upon th e  o th e r  heavenly  
b o d ie s , ly d ia t  seemed t o  have fo rg o t te n  h is  s u p e r c e le s t i a l  w a te rs . He had 
p re v io u s ly  a t t r i b u t e d  th e  movement of a l l  th e  p la n e ts  around th e  E a rth  to  
th e se  w a te rs ; y e t ,  when in  th e  e x p lan a tio n  o f  th e  re tro g ra d e  m otion he 
o rb ite d  Mercury and Venus around th e  Sun, he d id  so w ithou t changing th e  
p rev io u s  arrangem ent.
ly d ia t» s  th e o ry  a t t r a c t e d  l i t t l e  n o tic e  a t  th e  tim e of i t s  p u b lic a -
See f o r  ex an ç le ; "Huiusmodi i g i t u r  motus d if fe re n tia m , turn a l t i t u -  
d in i s ,  turn cu rsus r e s p e c tu ,  t r ib u s  su p e r io r ib u s  p la n e t i s  i n ç e r t i r i  v id e tu r  
s o l ;  maximam quidem v t i  p a r  e r a t  (quodidem i n  la t i tu d in ib u s  quoque ob seru - 
a tu r )  proxim o, id  e s t ,  î f e r t i ;  maximam vero  rem otissim o , Saturno  s c i l i c e t . ” 
Ib id . ,  p . 70 ; "Quod autem Venus lo n g iu s  a  so le  f e r a t u r  quam M ercu riu s."  
Ib iS . ,  p . 72 .
^^ Ib id . , p . 7 0 : " fo r  th e  same reason  none o f  th e  f ix e d  s t a r s ,  which
on acco u n t, c e r ta in ly ,  o f t h e i r  d is ta n c e  from  th e  Sun a re  seen , as i t  w ere, 
p laced  beyond th e  sp read in g  o f i t s  sunbeams; u n le ss  by chare î by th e  s u n 's  
rem aining around th e  t r o p i c s ,  where i t  i s  somewhat h ig h er and n ea re r to  th e  
sk y ."
^^ I b id . , p . 73Î " e i th e r  because i t  i s  th e  lo w est, f e e l in g  th e  l e a s t  
o f a l l  th e  v ig o r o f th e  s u n 's  ray s  to  h e lp  th e  f i r s t  m otion , or because i t  
i s  a  h e av ie r  body th a n  the  o th e r s ,  and i s  in  th e  h e a v ie r  a i r  where th e  s o la r  
ray s  a re  le s s  s te a d f a s t ."
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t io n .  I t  assumed to o  much on a  sp e c u la tiv e  b a s is  and o ffe re d  to o  l i t t l e  
on th e  p r a c t i c a l  l e v e l .  The P ra e le c t io  astronom ice in c lu d ed  no p re c ise  
r a t e  o f m otion f o r  th e  super c e l e s t i a l  w aters  o r an y th in g  more th a n  an im­
p l ie d  one-to -one  r a t i o  f o r  th e  decrease  o f motion as th e  d is ta n c e  from i t s  
source in c re a se d . Comets, w hich were considered  su p ra lu n ar phenomena, 
were n o t in c luded  in  th e  d is c u s s io n  o f motions o f heavenly b o d ies ; th e  i r ­
r e g u la r i t i e s  i n  th e  lu n a r  p a th  were no t d iscu ssed , L yd iat was h im se lf 
aware o f th e  in c o n s is te n c ie s  and incom pleteness o f h is  th eo ry :
Haec ita q u e  de a s tro n o m ia , abunde quidem ad nostrum  in s t i tu tu m , nobis 
d i c t a  su n to , ad rem v ero  ipsam  parum p lene  a u t p e r fe c ts  : sed  quae,
s i  to to s  q u ad rag in ta  v e l  qu inquag in ta  annos (v t c a e te r i  f e r e  A stro - 
nomi) h u ic  v n i s tu d io  impendissemus,  f o r ta s s e  p o te ra n t e sse  p e rfe c -  
t i o r a .  In te r im  vero  de h is  qua lib u s  cunque Deo optimo maximo a c . 
sap ie n tis s im o  v n iu e r s i  a r c h i t e c te  g r a t ia s  habemus.oo
l y d i a t  d id  n o t co n tin u e  th e  study  o f astronom y, and w hile many 
o th e rs  d id  during  t6 e  nex t f o r ty  y e a r s , no one seems to  have spen t any 
tim e on b is  th eo ry  o f  s u p e r c e le s t i a l  w a te rs . G eo cen tric  th e o r ie s  t o ­
g e th e r w ith  heavy r e l ia n c e  on s c r ip tu r a l  support and d iv in e  in te rv e n tio n  
soon ceased  to  be among th e  p o p u la r  coinponents in c lu d ed  in  d isc u ss io n s  of 
a s tro n o m ic a l system s.
S e v e ra l y e a rs  a f t e r  th e  p u b lic a t io n  of l y d i a t ’s P ra e le c tio  a s tro n o ­
m ica, a  t h i r d  E n g lish  n a tu r a l  p h ilo so p h e r w rote about th e  heavens. F ran c is  
Bacon l ik e  h i s  two p re d e ce sso rs  d id  no t p re sen t e i th e r  a new astro n o m ica l
^^ I b id . ,  p . 2$.
^ I b i d . ,  p . 75: "And th e re fo re ,  th e se  th in g s  o f  astronony , adding
indeed to  our purpose , have been s a id  by us a lthough  th e  th in g  i t s e l f  i s  
f a r  from  com plete o r p e r f e c t ;  b u t ,  i f  fo r  f o r ty  o r f i f t y  y ea rs  (as o th e rs  
have s tu d ie d  astronom y) to  t h i s  one study we app ly  o u rse lv e s , perhaps th ese  
th in g s  can be p e r fe c te d . I n  th e  meanwhile, t r u l y ,  concern ing  th e se  th in g s  
o f w hatever k in d , to  God th e  g r e a te s t  and most w ise a r c h i t e c t  o f th e  u n i­
v erse  we g iv e  th a n k s ."
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system  o r  a  c o n ç le te  one.^? His th eo ry  in c lu d ed  th e  f i e r y  heavens o f th e
P la to n is ts ,^ ®  th e  s t a t i c  E a rth -ce n te re d n ess  o f  A n tiq u ity  and th e  Middle
A g e s , a n d  c e r t a in  s i m i l a r i t i e s  betw een th e  c e l e s t i a l  and t e r r e s t r i a l  r e -
70gions th a t  w ere common to  many w r i te r s  a t  t h i s  tim e .
Bacon c a s t  out th e  s p h e r e s , s c o r n e d  t h e  anima, and ignored  any 
system  in c lu d in g  an g e ls  o r in te l l ig e n c e s ,  b u t he o ffe re d  no s a t i s f a c to r y  
s u b s t i tu te  f o r  th e s e . He conçla ined  th a t  to o  few men s tu d ie d  th e  p h y s ic a l 
causes o f  th e  heaven ly  m otions; y e t ,  he h im se lf  d id  n o th in g  more th an  d i ­
v ide  th e  movements o f th e  Sun, Moon, p la n e ts  and f ix e d  s t a r s  in to  two c a t ­
eg o rie s : The cosm ical m otions t h a t  were governed "ex consensu non co e le s ­
tium  tantum , sed  u n i v e r s i t a t i s ,  and th e  m utual ones " in  quibus a l i a  cor­
pora  c o e le s t ia  ex a l i i s  p e n d e n t . I n  n e i th e r  case d id  he sp e c ify  th e  
fo rc e s  govern ing  th e se  m otions.
A lthough Bacon exp ressed  h is  o p in io n  th a t  men needed to  s tu d y  th e
^*^In 1612 Bacon w rote b u t d id  n o t p u b lis h  two s h o r t  works d ea lin g  
w ith  cosmology, th e  "D esc rip tio  g lo b i i n t e l l e c t u a l i s " and "Thema c o e l i ."
See: R obert L e s lie  E l l i s ,  "P re face  to  th e  D e sc r ip tio  g lo b i i n t e l l e c t u a l i s , "
F ranc is  Bacon, The Works of F ran c is  Bacon, Baron o f  Verulam, V iscount S t . 
A lbans, and Lord High C hancello r o f England (New York; Hurd and Houghton, 
ïb è i; ; ,  V II , p p . 269-270.
^ B a co n , Works, V II, pp . 3h$-3h7; X, p p . ii6U-li67.
^^Ib id . ,  V II, pp. 3OO-3OI; X, pp . U20-l|21.
’̂ ^ Ib id . ,  V II, pp. 316- 328 ; X, pp . h3h-hk^.
" ^ ^ b id . , V II, pp . 322- 326 ; X, pp . Wt2-Wt3.
T ^ ib id . , V II, pp . 319-321; X, pp . 169-1:71.
"̂ Î b id . , V H , p . 320: "by co n sen t, no t on ly  of th e  heavens, b u t
likew ise  of th e  u n iv e rs e ,"  I b id . ,  X, p . 1:69.
^^ Ib id . ,  V II, p . 320; " in  which one c e l e s t i a l  body depends on an­
o th e r ,"  I b i d . ,  X, p . ^69 .
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p h y s ic a l  causes o f  th e  heaven ly  m otions, he r e je c te d  two such th e o r ie s  
t h a t  had been p re se n te d . T e le s io 's  h ea t h y p o th esis  was d ism issed  by Bacon 
a s  an o ld  th e o ry  newly p r e s e n t e d , w h i l e  G i lb e r t 's  m agnetic th e o ry  as  ap­
p l ie d  to  th e  su p ra lu n a r w orld was re p e a te d ly  denied  by him .^^ Bacon w ant­
ed a  known fo rc e  in c lu d ed  i n  a s tro n o m ica l th e o ry , b u t he was unable to  
name th e  fo rc e  h im se lf  and u n w illin g  to  a cc e p t th o se  v ir tu e s  suggested  by 
o th e rs .
G enera lly  speaking  m echan istic  m otors were n o t p a r t ic u la r ly  p o p u la r 
d u rin g  th e  l a s t  o f th e  s ix te e n th  and th e  e a r ly  p a r t  o f th e  sev en teen th  cen­
t u r i e s .  Those w r i te r s  p r im a r i ly  concerned w ith  d e sc r ib in g  the  s t r u c tu r e  
and o p e ra tio n  o f  th e  heavens a s  one re g io n  of th e  u n iv e rse  g e n e ra lly  fa v o r­
ed some v i t a l i s t i c  p r in c ip le  as th e  b e s t  o p e ra tiv e  agen t in  th e  su p ra lu n a r 
w orld . T e le s io  w ith  h is  th e o ry  o f heat v e rsus co ld  was an ex cep tio n  r a th e r  
th a n  a  r e p re s e n ta t iv e  o f  t h i s  group. Those who wanted to  e x p la in  th e  ce­
l e s t i a l  movements i n  more d e t a i l  u su a lly  e i th e r  assumed a n a tu r a l  m otion 
f o r  th e  heavens o r adopted th e  magnetic v i r tu e  as  p re sen ted  in  G i lb e r t 's  
De magnete. D evices s im i la r  to  th e  le v e rs  o f T orporley  or th e  f l u i d  mo­
t i o n  o f ly d ia t  were seldom enroloyed. A few w rote o f a  fo rc e  o f un sp ec i­
f i e d  o r ig in .
Why th e  m a jo rity  o f  th o se  who p laced  a  known t e r r e s t r i a l  fo rc e  in  
th e  heavens p re fe r re d  magnetism i s  u n c e r ta in . The only motors e lim in a te d  
by name were th e  spheres and some forms of anima; o th e rs  were n o t m ention^ 
ed . I t  seems th a t  w ith  th e  ex cep tio n  o f  magnetism, causes o f motion known
"̂^ Ib id . ,  7 ,  p . 310; X, p . 365.
"̂ ^ Ib id . ,  I ,  pp . 260, 268; I I ,  pp . 11:0, 287; I I I ,  pp. 205-206, 300; 
71 , p . 13?T17ÏI, pp . 75, 118-119; 7 I I I ,  pp . 81, 93 ,  50h; IX, pp. 370-169.
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to  be e f fe c t iv e  on Earth were not even considered as p o ss ib le  candidates 
fo r  the c e l e s t ia l  movers. The reasons could have been many. Most t e r r e s ­
t r i a l  forces were contact fo rces  and w ith the e lim in a tio n  o f  th e spheres, 
the heavens were w ithout a su ita b le  connection between mover and moved. I f  
the a ir  on Earth could not transm it a fo rce , th e aether was presumably fa r  
l e s s  able to  do so , A second d i f f ic u l t y  was th e  placement o f such a fo r c e .  
In th e  tr a d it io n a l Earth-centered system s, t e r r e s t r ia l  motors were incon­
ce iv a b le . Spheres or anima remained. For the supporters o f the Copernican 
theory there were m ultip le p h y sica l centers o f motion in  the system . One 
fo rce  actin g  from e ith e r  th e  center o f th e e n tir e  system , th e Sun, or the  
ex tern a l boundry, the f ix e d  s ta r s , had to  produce d if fe r e n t  e f f e c t s  depend­
in g  on th e placement o f  th e various g lob es. I f  more fo r c es  were introduced, 
one in  each center of motion, they created  the problem o f  two or more agents 
sim ultaneously acting  on one body to  produce two or more m otions. A th ird  
in con sisten cy  arose when th e  agents o f  s tr a ig h t - l in e  motion were assign ed  
as the producers o f th e  curved motion in  the heavens; and another appeared 
i f  th e changing and changeable, f i n i t e  t e r r e s t r ia l  fo rces  were to  govern 
the movements o f the unchanging, seem ingly e tern a l c e l e s t ia l  b od ies.
The use o f magnetism avoided a l l  o f th e se . G ilb er t’ s in v is ib le  "orb 
o f  v irtue"  around every magnet provided a connection between moving and mov­
ed o b je c ts . I f  every center o f  motion were a magnet, then one body could  
move th e  bodies w ith in  i t s  orb and a t  the same tim e be moved because i t  lay  
w ith in  th e radius o f th e  a c tiv e  power o f another body. The Earth had a nat­
u r a l r o ta tio n a l motion because i t  was a magnet. I t  took l i t t l e  in gen u ity  to  
reverse  the statement and say th a t because the c e l e s t ia l  bodies were g lo b a l 
magnets, they had a natural c ircu la r  motion. F in a lly , th e  magnetic v ir tu e
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was a  n o n -d ec reas in g  power. Magnets rem ained m agnets w ithou t any n o tic e ­
a b le  d e c lin e  in  t h e i r  a t t r a c t i v e  power.
No o th e r  known fo rc e  o ffe re d  so many of th e  b a s ic  requ irem en ts f o r  
a  c e l e s t i a l  m otor. H eat had an upward m otion; l iq u id s  a downward one.
Wind and w a ter fo rc e s  v a r ie d  w ith  seaso n s. Levers and p u lle y s  moved th in g s  
up and down, w hile  wheels went around; th e se  and a l l  o th e r machines needed 
c o n tac t w ith  th e  th in g  moved. E le c t r i c  v i r tu e  had only j u s t  been named; i t  
was n o t y e t  recogn ized  as  a  p o s s ib le  power. Pushers and p u l le r s ,  common to  
th e  t im e s , pushed and p u lle d  only  in  s t r a ig h t  l in e s  and had to  be jo in e d  to  
th e  o b je c ts  th ey  moved. Each fo r c e  had a  w e ll-reco g n ized  l im i ta t io n  t h i t  
made i t  u n s u ita b le  as  a  mover o f th e  c e l e s t i a l  g lo b es .
Among th e se  f o r c e s ,  magnetism was a  new, a  d i f f e r e n t  type o f  v i r t u e .  
I t s  power was o c c u lt enough to  make i t  s u i ta b le  f o r  th e  c e l e s t i a l  re g io n ; 
i t  was common enough to  be considered  a  known fo r c e .  I t  was a v i r tu e  found 
i n  n a tu re  w ith  what appeared to  be a  power a lm ost beyond th e  n a tu r a l .  And 
w h ile  th e  knowledge o f th e  lo a d s to n e 's  a t t r a c t i n g  o b je c ts  was o ld  enough to  
be f a m i l ia r  to  a l l  educated men, th e  s tu d y  o f i t  was new enough th a t  no one 
had y e t  imposed r e s t r i c t i o n s  upon i t s  a c t io n s .  The m agnetic v i r tu e  seemed 
a t  th e  tim e th e  b e s t  a v a ila b le  rep lacem ent fo r  sp h eres  and anima.
CONCLUSION
"What moves the heavenly bodies?" The natural ph ilosophers dur­
in g  the century fo llo w in g  the p u b lica tio n  o f the De revo lu tion ib u s d id  
not form ulate a s a t is fa c to iy  answer, Copernicus, fo llo w in g  a w e ll-e sta b ­
lish ed  custom, bypassed the problem of e f f e c t iv e  causes when he presented  
h is  h e lio c e n tr ic  system  in  two ways. He separated the p h y sica l from th e  
mathematical d escr ip tio n  of th e  u n iverse . So long as t h i s  sep aration  was 
m aintained, th e  above qu estion  was seldom r a ise d .
During th e la t t e r  h a lf  o f the s ix te en th  century, some n atural p h i­
losophers tr ie d  to  jo in  the two d escr ip tio n s  of the world. When th e  ob­
serv a tio n a l astronomers used the in terp re ta tio n s  of th e ir  data to  support 
th e ir  d e n ia l o f the c e l e s t i a l  sp h eres, o th ers , who wished to  e lim in ate  
th ese  s o l id  bod ies from the heavenly region  because such objects were fo r ­
eign  to  th e ir  th e o r e t ic a l  system , picked up the phenomenological argument. 
By the beginning o f th e  seventeenth  century the spheres were gone from  
many c e l e s t i a l  r eg io n s.
To d iscard  the spheres was one th in g ; to  rep lace  them another.
While many agreed th a t  a supralunar world w ith  firm , in terconnected  s h e l ls  
was not p o s s ib le , th ere  was disagreement on the nature of th e agents mov­
in g  the s ta r s  and p la n e ts . The anima advanced by the P la to n is ts  had no 
great supporters a f t e r  P a tr iz i and Bruno. The concept o f a un iverse in  
which th e  regu lar motions o f th e  heavens were con tro lled  by v i t a l i s t i c
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p r in c ip le s  became in c re a s in g ly  le s s  p o p u la r in  th e  sev en teen th  c en tu ry .
The f i r s t  w idely  accepted force  used in  the c e l e s t i a l  reg ion  was 
the magnetic v ir tu e  as described  by W illiam G ilbert in  h is  De magnete. 
Keplers in  Germany, Simon S tev in  in  the N etherlands, and numerous E nglish  
w riters  tr ie d  to  incorporate magnetism in to  every p o ss ib le  astronom ical 
system . The attem pts met w ith  varying degrees o f  su ccess; none was u l ­
tim a te ly  acceptab le to  any la rg e  group.
Magnetism, w h ile  th e  most p o p u la r, was n o t th e  only  t e r r e s t r i a l  
fo rc e  p laced  i n  th e  heavens. Torporley»s system  o f le v e rs  and ly d ia t» s  
f l u i d  th e o ry  were n a iv e  i n  many r e s p e c ts .  They w ere, n e v e r th e le s s , i n ­
d ic a t io n s  o f  th e  change t h a t  was ta k in g  p la ce  i n  astronom y. For alm ost 
two thousand y e a rs  " to  save th e  phenomena" had meant to  d e sc rib e  th e  ap­
p a re n t movements u s in g  on ly  c e r ta in  accep ted  m otions. This could be and 
was done w ith o u t re g a rd  f o r  th e  causes o f th e se  m otions. By I 632 a s t r o n ­
omers and n a tu r a l  p h ilo so p h e rs  had a d i f f e r e n t  ta s k .  They n o t only had 
to  c h a r t  th e  movements o f th e  heavenly b o d ie s , th e y  had to  e x p la in  what 
fo rc e s  were a c t in g  upon th e se  bod ies to  produce such m otions.
The tr a n s it io n  in  outlook was d i f f i c u l t ;  the th e o r e t ic a l changes 
were major in  some in s ta n c e s , minor in  o th ers . The th inkers o f the s ix ­
teenth  and early  seven teen th  century did not so lv e  the problem; "What 
moves th e planets?" They d id  change the meaning o f the qu estion . No 
longer was i t  p erm issib le  to  describe the heavens mathem atically on one 
page and p h y sic a lly  on another. The two d escr ip tio n s had to  correspond. 
Furthermore, the t r i a l s  and errors o f the men who tr ie d  to  jo in  the pre­
v io u s ly  d is jo in te d  s tu d ie s  had s e t  certa in  p rereq u is ites  fo r  the fo r c e  
th a t was to  govern th e heavens. I t  could not be t o t a l ly  v i t a l i s t i c ,  but
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must be a t  l e a s t  an  a t t r i b u t e  o f  a  p h y s ic a l  body. I t  had to  be  s e v e ra l  
fo rc e s  a c tin g  to g e th e r  o r  one fo rc e  common to  many b o d ie s . I t  had to  ex­
te n d  wherever c e l e s t i a l  b o d ies  were i n  m otion. And i t  had to  be  c o n s ta n t. 
I t  had to  be som ething y e t  unknown, because th e  known fo rc e s  d id  n o t q u a l­
i f y .
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London: Im p rin ted  a t  th e  Chiswick P re s s , I 9OO p - .e . I 9OI3 .
G ra s s i ,  H oratio  .  On th e  Ib ree  Comets o f th e  T ear MDGXVIII. An A stro ­
nom ical D is p u ta t io n  "Presented P u b lic ly  i n  th e  C o lle  g io  Éomano oT"
^ e  Society" o f  Je su s  dy 6ne of th e  F a th e rs  o f That Same S o c ie ty . 
ftdme':' ' JacoVus' k asca rd u s , 1619.  t r a n s la t e d  by C. b .  O’M alley in  
The C ontroversy  on th e  Comets o f  I 6I 8 , pp . 3 -1 9 .
G uiducci, M ario. P i s c o rso 'P e l le  comete d i  M ario G vidvcci F a tto  da I v i  
n e l l * accadem ia iB^iorentina n e l svo Medesimo c o n so la to . In  F ire n z e : 
16I 9 , ü a li ie m , t e  Ùpera, pp . 37-1Û5*
H i l l ,  N ich o las . F h ilo so p h ia  E p icvrea , P em o critian a , T heophrastica  p ro -  
p o s ita  s iiig )lic i t e r ,  non ed o c ta . Goloniae Allobrocvm ; F ro s ta n t  i n  
O tfic in a  F a b ria n a , 1619.
K epler, Johann. Astronomia novaa ITIOAqTHTOS|Sev physica c o e le s t i s ,  
tra d ita  commeniariis de motibvs s t e l la e  m artis. ex o b serv a tio n iS ^
G. 7*. Tychonis B rahe,  [ÿragaej : I 6O9 .
.  Epitome astronom iae G opernicanae. ï ï s i t a t â  formâ quaestionum  
& responsionum  c o n s c r ip ta , inque V ÏI. l ib r o s  d ig e s ta ,  quorum t r e s  h i  
p r io re s  su n t de d o c tr in a  sp h a e r icâ. L e n ti js  ad'Banubium : Excudebat
Johannes P la n c u s , 16 l8 ; Spitomes astronom iae G opernicanae, u s i t a t a  
forma quaestionum  & responsionum  c o n sc r ip ta e , l i b e r  q u a r t  u s , d oc- " 
t r in a e  th e o r ic a e  prim us; quo ph y sica  c o e l e s t i s ,  hoc e s t ,  omnium~in 
coelo magnitudinum , motuum, prdportionum que, causae v e l  n a tu ra le s  
v e l a rc h e ty p ic a e  e x p lic a n tu r ,  e t  s i c  p r in c ip ia  d o c tr in a e  th e o r ic a e  
dem o n stran tu r. Qvi qvod v ice  svpplem enti lib ro ru m  A r i s t o t e l i s  de 
caelo  e s s e t ,  c e r to  c o n s i l io  seo rsim  e s t  e d i tu s .  L e n t i i s  ad banuEium: 
Excudebat Johannes P lan cu s, 1626; Epitomes astronom icae G opernicanae 
v s i t a t a  forma quaestionum  & responsionum  c o n sc r ip ta e , l i h r i  v i .  v i .  
^ ! i .  qu ibus p ro p r ie  d o c tr in a  th e o r ic a  (p o s t p r in c ip ia  l i b r o  iv . '  '
1?6
p raem issa) com prehenditur, F r a n c o fv r t i ;  Sumptibus G o d efrid i lam- 
p a c h i j ,  1621,  A ll  a re  xn K ep ler, Gesammelte Werke, V II, E n g lish  
t r a n s la t io n :  Epitome o f  Copernican Astronomy i n  G reat Books o f th e
W estern W orld.  !giclitp.d by Rnbprt Maynard Wnt.ob-ins^ GTrina.gn, TH i '-  
n o is :  Encyclopaedia B r ita n n ic a , I n c . ,  1952, V ol. ZVI, pp . 839-
lOOU.
K ep le r , Johann. Johannes K epler Gesammelte Werke.  E d ited  by Max C aspar. 
München: C, H, B'eck*sche V erlagsbuchhandlung, 1937-1959. The
Gesammelte Werke c o n ta in s  e ig h te e n  volumes of which volumes one 
tinrough seven and th i r t e e n  th rough  e i ^ t e e n  have been p u b lish ed ,
.  lo a n n is  K epp leri harm onices mvndi. I d n c i i  A u s tr ia e : Excudebat
loannes ï*lancvs, 1619 .  E hg lish  t r a n s la 't io n :  The Harmonies o f th e
W orld, Book 3 . T ran s la ted  by C. G. W a ll is , G reat Books o f tü e  W 'ëstem 
W orlX '  TÏ1,' pp . 1003-1081;.
. Joann is K e p le r i astronom i opera  omnia. E d ited  by Ch. F r is c h .
8 v o ls .  ïV a n k c fu rti a .m .: keyder & 2 l in S r ,  1858-1870.
.  Prodromus d is se r ta tio n v m  cosmographicar~gm, co n tin en s m ysterivm  
cosmographicvm, de adm irab x li p ro p o r tio n s  orbium  co e le s tiv m , de qve 
c a v s is  coelorum  num eri, m a g n itu d in is , motuumque period ico rum  g en u lh is  
& p r o p r i j s ,  d e m o n s t r a te ,  p e r qvlnqve r  e g u la r ia  corpora  geom etrica . 
Tvbingae; Excudebat Georgius G ruppenbacnius, 1396, K ep ler, Gesanmielte 
W erke, I ,  pp. 3 -8 0 .
Le Roy, Loys. Of th e  In te rch an g eab le  C ovrse, o r V a rie ty  o f  Things i n  th e  
Whole W orld; and th e  C rncvrrence o f Armes and Learn ing ,' Through th e  
f T r s t  and Famousest ^a!tions : iFrom th e  beg in n in g  o f t f i u i l i iy , '  and kem-
0^  o f  jyian, to  jDhis P re s e n t. M oreover, Whether I t  Be ifrue o r No, ‘fibat 
% e re  Can Be IÏ0th in g  Sayd, Which Ha!tri Not Bin S aid  H e re to fo re : And 
ÿtaiat We Ought by Ôur Owns ïn u e n tio n s  To Augment th e  D octrine  o f th e  
Â ün c ien ts ; iJoi G ontenting Ù urselues w ith  !l!ransla tions,  E x p o s itio n s , 
C o rre c tio n s , and Abridgment o f T h e ir  W ritin g s . W ritte n  in'!?Vench by 
Loys le  Roy c a l le d  Regius and t r a n s la t e d  in to  E n g lish  by R. A. Lon­
don: C harles Y e tsw e ir t , l59U.
l y d i a t .  Thomas. P ra e le c t io  a stro n o m ica  de n a tv ra  c o e l i  & co n d itio n ib u s  
elementorum: tum a u t em d e  c a u s is  praecipuorum  motuum c o e li  & s t e l l a -
rum. L ondini: loannes B i l l ,  1605.
M auro lycius. "Maurolyco’s 'L o s t ’ Essay on th e  Hew S ta r  o f 1572," Tran­
s c r ib e d , T ran s la ted  and E d ited  by C. D oris Heilm an, I s i s ,  LI ( I 96O),
pp . 322- 336 .
O riganus, D avid. Novae motuum co e le s tiu m  ephem erides B randenbvrgicaej 
annorvm LZ, in c ip ie n te s  ab anno 1595» & d e s in e n te s  i n  annum 16557 
c a lc u lo  d u p l ic i  lum inarium , ÿychoni'co & C opernicaeo, re liquorum ~ plane- 
^ a ru a  p o s ie r io re  e la b o ra ta e , & v a r i j s  d iversarum  nationum  c a le n d a r i js  
accommodatae, cum in tro d u c tio n e  hac p le n io re ,  in  qua ch rono log ica .
177
astronom ica  & a s t r o lo g ic a  ex fundam entis i p s i s  t r a c t a n t u r . F ran - 
c o f u r t i  c is  Viadruin: Apud bavidem Reichardum B ib liopo lam  S te t in -
ensem, I 6O9 ,
P a t r i z i ,  F ran cesco , F ra n c is c i  P a t r i c i i  nova de v n iu e r s is  p h i lo soph ia  in  
qua A r i s to t e l i c a  methodo, non p e r  motum, sed  p er lucem , & lumina^ ad 
primam causam ascend itu r. Beinde p ro p r ia  P a t r i c i i  methodo; to t a  in  
co n te rp la tio n em  v e n i t  D iu in i ta s : postremo methodo P la to n ic a ,  rerum
v n iu e r s i t a s ,  a  co 'nditore Deo decLucitur. F e r r a r i a e : Apud Benedictum
Mammarellum, 1^91.
» "On P n y s ic a l S pace ,"  T ran s la ted  by Benjamin Brickm an, Jo u rn a l 
o f  “th e  H is to ry  of Id e a s , IT  (19il3)j pp. 22^-2^^.
P l a t t e s ,  G a b r ie l ,  A D iscovery o f I n f ^ i t e  T reasvre , H idden S ince the  
W orlds B eginning , Whereunto A ll  Men, o f What Degree Soever, i r e  
F r ie n d ly  In v ite d  Jo  Be S harers w ith  th e  D iscovered , London; G.
H utton , 1639 .
R id le y , Mark, M ag n e tica ll Anim adversions upon C erta in e  M ag n e tic a ll Ad­
v e rtis e m e n ts  from  W. Barlow, London: N. Okes, I 617 ,
, A S h o rt T re a t is e  o f M ag n e tic a ll Bodies and M otions, London: 
lii'cho las okes, I 6I 3 ,
R o s lin , H e lisa u s , L e t te r  to  Hewart von Hohenburg d a ted  O ctober, 1^97, in  
K ep le r, Gesammelte Werke, X II I , pp . iL 6-11:7.
Rymers, N ico las . N ic o la i Raymari T r s i  D ithm arsi. Fvndamentvmætronomicvm: 
i d  e s t .  Nova d o c tr in a  s in w n i e t  tr ian g v lo rv m , feaqve a b so lv tis s im a  e t ' 
p e r f e c t is s im a , e ivsqve vsvs i n  astronom ica c a lc u la t io n e  & o b se ru a tio n e , 
A rg e n to ra t i :  Excudebat B em ardus lo b in , 1^8b,
. N ic o la i Raim ari T rs i  D ithm arsi So. Sae. Rom, C aesae. M tis . 
M athem atic i, De astronom i c is  h y p o th esib v s , sev  sy stem a te  mvndano, 
^ a c t a t v s  astronom icus & cosm ographicus; s c i t u  cum jucundus, tom 
u t i l i s s im u s .  Item : astronom i car vm hypothesivm  a se  inventarum , ob-
TStarum, & ed ita ru m , c o n tra  quosdam eas  s i b i i e  m erario  seu  p o tiu s  n e - 
f a r i o  ausu  a r ro g a n te s , vend ica t'io  e t  d e fe n s io , eque s a c r i s  dem onsta- 
W o : eaznmdemque vs v s .  In  quo vsv  to t a  genuine a s tro n o m ia , ipsum-
que fundamentum astro n o m i cum l a t i t a t ;  s p e c ta tu r ,  e x h ib e tu r , ac  mani- 
f e s 't a tu r .  Cum quibusdam no v is  s u b ti l is s im is q u e  com pendijs e t  a r t i f i c i j s ,  
S  p lané novâ d o c tr in â  sinuum & tr ian g u lo ru m  ite ru m , jamque a l t e r â  v ice7  
e x h ib i t s :  Nec non a l iq u ib u s  e x e r c i t i j s  m athem atic is  ju c u n d is s im is , ad '
solvendum omnibus, ac  p ra e se r iim  s u is  z o i l i s  '& s u g i l l a to r ib u s ,  ob p a l -  
iS n  m agisterium que mathematicum, m athem aticique e x e r c i t i j  g r a i i ^ ,  p ro -  
p o s i t i s .  Ac denique problem ata t o t i u s  p rocessus astro n o m icae  o b ser- 
v a t io n is ,  seu  r a t i o n i s  ob serv an d i, Pragae Bohemorvm; Apud Avtorem,
Sanches de L ica raco , Pedro Hieronymo, G en era lis  e t  a d m ira b il is  methodvs.
178
ad ormes s c ie n t ia s  f a c i l i v s ,  e t  s c i t i v s  ad d iscen d as; in  qua exim ij 
p i i s s im i  d o c to r is  Raimundi L u l l j i  a r s  b re u is ,  e x p l ic a tu r ;  & roul­
a s  exem plis, v a r iis q u e  q u aes tio ir ib u s , c i r c a  f a c u l t a t e s ,  quae in  
s c h o l i s  d o cen tu r, ad praxim  (quod nunquam fac tum  l e g i t u r j  a p e r t i s -  
simê r e d u c i tu r ,  T uriasonae; Per Carolum à Lauayen, 1619.
S c rib o n iu s , Gulielmus Adolphus, N a tv ra l l  Philosophy; o r  a  D esc rip tio n  
o f  th e  W orld, o f  A ngels, o f I'fankinde, of the Heavens, th e  S ta rre sT  
P la n e ts ,  th e  Poure e lem en ts , With 'Æieir Ô rder, N ature and üov- 
êrm nent; As a ls o  of M in era ls , M e tta is , P la n ts ,  and P rec io u s  S tones; 
With. J h e ir  C oloures, Formes, and V ertues, and of th e  S e v e ra l l  Crea- 
t u r s  T herein  C ontained: V iz. London: J .  B sllam io , 1621.
.  Rerum physicarum  iv x ta  leges lo g ic a s  m ethodica e x p l ic a t io  
G u lie lm i A dolphi S c r ib o n ii  M arpvrgensis. Nunc denuo re c o g n ita ,  & 
i n  p lu r im is  lo c is  emendata, F ta n o o fv r ti :  Apud Andream Wechelum,
1579.
S te v in , Simon, The P r in c ip a l  Works o f Simon S te v in , V ol. I l l :  As­
tronomy,  E d ited  by A, Pannekoek, N av igation , E d ited  by E rn s t 
Crone. Amsterdam: G, 7 , Swets & Z e i t l in g e r ,  1961,
T e le s io , B ernard ino , B ern ard in i T e le s i i  de rerum  n a tu ra , a  c u r a 'd i
d i  Vincenzo Spampanato, 3 v o ls ,  Modena:' A, F o r m it t in i ,  1910- 
1 ^
« B ern a rd in i T e le s i i  C onsen tin i de h i s ,  quae in  a e re  f i u n t ;  &' 
de tè r ra e m o tib u s , l ib e r  v n ic u s , N eapo li: Apud ïosephum Cacchium,isnr. ^ -------------------------
« B ern ard in i T e le s i i  C onsen tin i de rervm n a tv ra  iv x ta  p ro p r ia  
p r in c ip ia ,  L ib r i  i x , N eapo li: Apud Horatium  Saluianum , 1587.
.  B e rn a rd in i T e le s i i  C o n sen tin i, v a r i i  de n a tv ra lib v s  r  ebvs l i -  
b e l l i  ab Antonio P e rs io  e d i t i ,  V e n e tiis :  Apud F elicem  V algrisium ^
1 ^
.  B ern a rd in i T e le s i i  C onsen tin i de rerum n a tu ra  iu x ta  p ro p r ia  
p r in c ip ia ,  l i b e r  pr^imus & secundum, denuo e d i t i l N eapoli: Apud
losephum Cacchium, Ql57Cfj .
T o rp o rley , N a thanae l, D ic lid e s  co e lo m etricae , seu  va&vae astronom icae 
v n iv e r s a le s ,  omnia a r t i s  to t iu s  munera p seph o p h o retica  in  s a t  modi- 
c i s  f in ib u s  duarum tabu larum , c o n tin e n te s , P raeeun te  d i r e c t io n is  
a c c u ra ta e , consumâta d o c tr in a ,  a s t r o lo g ie  hactenus plurimum d e s id e r­
a t a ,  L ondini: F e lix  K ingston , 1602.
V icom ercatus, F ra n c is eus, F ra n c is c i  V icom ercati M ediolanensis de p r in ­
c i p i i s  rervm  n a tv ra liv m , l i b r i  t r e s ,  hvnc primvm in  Ivcem edi£T. 
Cum p r i v i l é g i e .  V e n e tiis  : Apud i^ranciscum Bolzetam  B ibüopolam  ' 
Patauinum , 1596.
179
V icom ercatus, F ra n c is e u s . F ra n c is c i  V icom ercati p h ilo so p h i r e g i i  in  
earn partem  duodecim i H b r i  metaphysicorum A r i s to t e l i s ,  i n  qua de 
ï)eo, dj-g inisque omnibus ment ibus d i f f e r i t u r ,  commentari j ,  vna cum 
eiusdem  p a r t i s  e draeco in  Latinum conversione ,  V e n e tiis :  
o f f ic in a  b o m in ic i G v e rre i, e t  To. é a p t i s ta e  Fratrvm , 1580.
W right, Edward, "Ad gravissim vm  doctissim viaqve Tirum D. Gulielmum G il­
b e r t  um, m edicinae apud Londinenses doctorem  eximium, m agneticaeque 
p h ilo s ophiae paren tem j de m agnetic is  h isc e  l i b r i s ,  para in e o is  
egnom iasine, Edwardi W r i g h t i , ” in  G ilb e r t ,  De magnets.
Secondary Sources
B o u ltin g , W illiam . Giordano Bruno, His L ife ,  Thought, and Martyrdom.  
London: Kegan P au l, Trench, Trubner & Co. L td . ,  191L.
Brickman, Benjamin. An In tro d u c tio n  t o  Francesco P a t r i z i ' s  Nova de 
u n iv e rs is  p h ilo s o p h ia . bew York: [Columbia U n iv e rs ity  L ib ra r ie s  
f o r  the  l ib r a r y  o f  C ongress],  19ip-*
C la g e tt ,  M arsh a ll. The S cience  o f  Mechanics in  th e  Middle Ages. Madison,
W isconsin: The U n iv e rs ity  of W isconsin P re s s , 1959.
C laveH n , M aurice. " G a lile e  e t  l a  cosm ologie t r a d i t io n n e l l e :  La prem iere
journée du D ialogue, " Revue d 'H is to i r e  des Sciences e t  de le u rs  ap - 
p ü c a t io n s ,  XV (1962 ) ,  pp . 1- 26 .
G opleston, F . C. A quinas. B a ltim o re , Maryland: Penguin Books I n c . ,
1957.
C orbin, Henry. Avicemaa and th e  V is io n ary  R e c i ta l .  T ran s la ted  by Wil­
la rd  R. Traslcl New ïo r k :  baniheon books, i n c . ,  I960.
G ornford, F ran c is  MacDonald. P ]ato*s Cosmology. The Timaeus o f P la to  
T ran s la ted  w ith  a  Running Commentary, tondon: Soutiedge & Kega'n
Paul l im ite d , l9hB.
Grombie, A. C. A ugustine t o  G a lile o . The H is to ry  of Science A. D. IjQO- 
1650. London: F a lcon  E d u ca tio n a l books, 1952.
"A vicenna’s In f lu e n c e  on th e  M ediaeval S c ie n t i f i c  T ra d it io n ,"
Avicenna: S c ie n t i s t  & P h ilo so p h e r. A M illen ary  Syngosium. E dited
by G. M. Wickens. London: Luzac & Company, L td . ,  1952, pp. 8J4-IO7 .
D i jk s te rh u is ,  E. J .  The M echanization  of th e  World P ic tu re .  T ran sla ted  
by C. D ikshoorn. Oxford: a t  th e  Clarendon P re s s , I 96I .
D reyer, J .  L. E. H is to ry  o f th e  P la n e ta ry  Systems from  Thales to  K ep ler. 
Cambridge : a t  th e  U n iv e rs ity  P re s s , 1906.
180
D reyer, J ,  L. E, Tycho B rahe. A P ic tu re  o f S c ie n t i f i c  l i f e  and Work
i n  th e  S ix te e n th  C entury,  Edinburgh; Adam and' C harles B lack , Ï 89O.
Duhem, P ie r r e .  Le système du. monde. H is to ire  des d o c tr in e s  cosmolo- 
g iques de P la to n  a  C opernic. 10 v o is .  P a r i s .  Hermann e t  f i l s ,
1913- 1959.
Freeman, K a th leen , The P re -S o c ra tic  P h ilo so p h e rs . A Companion to  D ie ls , 
Fragmente d e r  V orsokralxk 'er. 3 rd . e d i t io n .  Oxford: B a s i l  B lack-
w e ll ,  1953.
F r i t h ,  I ,  l i f e  o f Giordano Bruno, th e  N olan. R evised by P ro fe sso r  Moriz
C a r r iè re . London: Trubner & C o., 1ÜÜ7.
Goichon, A. M. Le R é c it de Hayy ib n  Yaqzâ. Commenté par des te x te s  d ' 
Avicenne. A vant-propos, t r a d u c t io n s ,  e x p lic a tio n s  e t  n o te s . P a r is :  
b esc ld e  de Brouwer, 195?.
Greenberg, S idney. The I n f i n i t e  in  G iordano Bruno. With a  T ra n s la tio n  
of His DialogueT~~ Concerning th e  Cause, P r in c ip le ,  and One. 'Wew 
lo r k :  k in g 's  Crown !Pre'ss, Ïÿ50.
Harradon, H. D. "Some E arly  C o n trib u tio n s  to  th e  H is to ry  of Geomagnetism' 
I , "  T e r r e s t r i a l  Magnetism and A tm ospheric E l e c t r i c i t y ,  XL 7 III  (1913), 
pp . 5- I t .
Heilman, C. D o ris . The Come'b o f l577 : I t s  P lace  i n  the  H is to ry  o f As­
tronomy. New York: Columbia U n iv e rs ity  P re s s , 1911.
H e se ltin e , G. C. "Foreword," The K alendar & Compost o f  Shepherds from  
•the O rig in a l E d itio n  P ub lish ed  by Guy ijarcban'fa' i n  P a r is  i n  th e  f e a r  
^ 9 3 »  and T ran s]^ ied  in to  E n g lis h 'c .  1 5 l8 : Newly Ëdite d  f o r  th e
t e a r  I 95TI London: P e te r  b a v ie s , 1930, pp . v - ix .
H olton , G erald . "Johannes K ep ler’s U n iverse: I t s  Physics and M eta - ' 
p h y s ic s ,"  American Jo u rn a l of P h y s ic s , ZXT7 (1956), pp. 310-351.
Jammer, Max, Concepts of Space: The H is to ry c f  T heories o f Space i n
P h y sics .  Cambridge, M assachusetts ; h a rv a rd  ü n iv e rs i 'ty  P re s s , 1951.
Johnson, F ra n c is  R. A stronom ical Thought in  R enaissance England: A
Study o f th e  ^ g ü s h  S c ie n t i f i c  W ritin g s  from  l50o to  1615.  B a l t i -  
more, M aryland: The Johns Hopkins P re s s , 1937.
Kel3y, S i s t e r  f e ry  Suzanne. "The De mundo o f  W illiam  G ilb e r t . "  Unpub­
lis h e d  M aste r’s T h esis , D epartm ent o f  H is to ry , U n iv e rs ity  o f  Okla­
homa, 1961 ,
Ko cher, P au l H. Science and R e lig io n  in  E liza b e th an  England. San Mar­
in o , C a l i fo rn ia :  The H untington l i b r a r y ,  1953.
181
Koyre, Alexandre» From th e  Closed  World to  th e  I n f i n i t e  U niverse, 
B altim o re , M aiyland: The Johns lîopkxns P re s s ,  1957»
« La re v o lu tio n  astronom ique; C opern ic, K ep ler, B o r e l l i . P a r is  : 
Hermann, 1961.
Kuhn, Thomas S , The Copernican R ev o lu tio n . P la n e ta ry  Astronomy in  th e  
Development of W estern Tho u g h t  Cambridge, l4 assachuse tts: Harvard
U n iv e rs ity  É re s s , 19^7.
The l i b r a ^  o f  C h r is t ia n  C la s s ic s .  V ol. X: A S c h o la s t ic  M isce llany ;
Anselm t o  Ocbham. E d ited  and T ran s la ted  by Ëugene R, J*airw eather. 
London: SCM P ress  L td . ,  19^6.
Love jo y , A rth u r 0, The G reat Chain o f  Being. A Study o f th e  H is to iy  
o f an Id e a . The W illiam  James L ec tu res  D e liv e red  a t  Harvard tfra - 
v e r s i ty ,  1933. Cambridge, M assach u se tts : H arvard U n iv e rs ity  P re s s ,
1950.
McCoUey, G ran t. "Francesco G u in tin i and th e  Copernican H ypo thesis ,"  
Popular Astronomy, XLV (1937), pp . 70-73 .
. "The E ig h th  Sphere o f  De re v o lu t io n ib u s ,"  Annals of S c ien ce , 
T T ’ (1937), pp . 3 5 W 5 6 .
. "N icholas H i l l  and th e  P h ilo so p h ia  E p icu re a ,"  Annals of S c i­
ence , IV (1939-191:0), pp . 390^5031
.  "N icolas Copernicus and an I n f i n i t e  U n iv e rs e ," Popular As- 
Trohomy, XIZV (1936), p p . 525-533.
.  "N icolas Reymers and th e  F o u rth  System o f th e  World, " Popu­
l a r  Astronomy, XLVI (1938), p p . 25 -31 .
 . "The S ev en teen th -cen tu ry  D o c trin e  o f  a P lu r a l i ty  cf W orlds,"
Annals o f  S c ien ce , I  (1936), pp . 385-1:30.
.  "The U niverse o f De re v o lu t io n ib u s ,"  I s i s ,  XXX (1939), pp . 
TI5?-1:72.--------------------------------------------------------- ------
McKeon, C harles K ing, A Study o f  th e  Summa p h ilo so p h ia e  of th e  Pseudo- 
G ro s se te s te . New ï'o rk : Columbia U n iv e rs ity  P re s s ,  1938.
McKeon, R ichard . S e le c tio n s  from  Pfedieval P h ilo so p h e rs . I .  A ugustine 
to  A lb e rt th e  C re a t.  New York: C harles  S c r ib n e r 's  Sons, 1929.
M unitz, M ilton  K. ( e d . ) .  T heories o f th e  U niverse f r om Babylonian Myth 
to  Modem S c ien ce .  G lencoe, I l l i n o i s :  The tb-ee P re s s , 1957.
N aiden, James R. The Sphera o f  George Buchanan (1506-1582). A l i t e r a c y  
Opponent of Coperm cus and Tycho b ra h e . [P h ila d e lp h ia , ' Pennsylve.iia: 
A lien ; T u rin : B o tlega  d*Erasme, 1952J .  '
182
ïïam er, é ra ile . Giordano Bruno, c a u se , p r in c ip e  e t  u n i t e .  T raduc tion  
accoiigjagnèe de n o tes  e t  d*analyses e t  pr^c^d^e d»une étude s u r  
la. p h ilo so p h ie  de Bruno» P a r is :  L ib r a i r ie  F ^ lix  A lcan, 1930»
0*Leary, de Lacy. A rabie Thought and I t s  P lace  in  H is to ry .  R evised 
e d i t io n ,  London: Ë ouiledge & kegan îran.1 L i d , ,  193U»
Pannekoek, A, " In tro d u c tio n  to  th e  Work," The P r in c ip a l  Works o f Simon' 
S te v in , V ol, I I I :  Astronoinyt  E d ited  by a',' Pannekoek, N av ig a tio n ,
E d ited  by E rn s t Or oriel Amsterdam: C, V. Swets & Z e i t l in g e r ,  1961,
p p . 5-21.
P in e s , S . "Les p r^ cu rsen rs  Musulmans de la  th é o r ie  de 1 ’im p e tu s ,"  A rcheion, 
XXI (1938), pp . 296-306.
Poggendorff, J ,  C, B io g ra p h is c h -Iû te ra r isc h e s  Handworterbuch zu r Ges- 
ch ich te  der acacten W issenschaften  E n th a lten d  Nachweisungen û b e r ' ' 
ie b e n sv e rh k ltn is s e  und L eistungen  von N athem atikern , Astronomen, 
Physikern , Chemikem, M inèralogen, Geologen usw allC T  Vblker ünd 
Z e lie n , volumes I  and I I .  L e ip z ig : Johann Ambrosius B arth , 1862,
L itlio p rin ted  by Edwards B ro th e rs , I n c . ,  Ann A rbor, M ichigan, 19h$»
P r ic e ,  Derek J ,  de S . "G ontra-C opernicus: A C r i t i c a l  R e-es tim a tio n  o f
th e  M athem atical P la n e ta ry  Theory o f  Ptoleipy, C opernicus, and K e p le r ,"  
C r i t i c a l  Problems i n  th e  H is to iy  of S c ience : P roceedings o f th e  I n ­
s t i t u t e  fo r  th e  N i s to r y o f  Science a t  th e  U n iv e rs ity  o f W isconsin, 
Septeinber 1 -11 , 1957, E d ited  by M arsha ll C la g e tt ,  Madison, W isconsin : 
The U n iv e rs ity  oof W isconsin P re s s , 1959, pp . 197-218.
P r io r ,  O liv e r H, " In tro d u c tio n ,"  Caxton»s M irrour o f th e  World, London:- 
Kegan P au l, Trench, T rubner & C o ., L td . ,  I 9 l5 .
R o lle r ,  Duane H. D, The De magnate o f W ilHam G i lb e r t , Amsterdam: Menno
H ertzb erg e r, 1959.
S a r to n , George, In tro d u c tio n  to  th e  H is to ry  of S c ien ce .  3 v o ls ,  B a l t i ­
more, Maryland r The W illiam s & W ilk ins dompany, 1953.
.  "Simon S te v in  o f  Bruges (151^8-1620)," I s i s ,  XXI "(193U), pp . 
5ÏÏT-303,
.  S ix  Wings: Men o f  Science in  th e  R enaissance,  Bloomington,
i id ia n a ;  Ind iana  U n iv e rs ity  P re s s , 1957.
S in g e r , Dorothea Waley, Giordano Bruno. His ^ f e  and Thought, W ith An­
n o ta ted  T ra n s la tio n c f  His Work On th e  i n f i n i t e  U niverse and W orlds.
New York: Henry Schuman, 1950.
Sm all, R obert. An Account o f  th e  A stronom ical D isco v e rie s  o f K ep ler.  
Madison, W isconsin:- ïk e  U n iv e rs ity  o f W isconsin k re s s ,  Ï 963.
183
T horndike, Igmn. A H is to iy  cf M g ic  y id  Experjjnental S c ien ce ,  6 v o ls .  
New York: Columbia U n iv e rs ity  feress, 1923-19k7«
* The Sphere o f Sacrobosco and I t s  Commentators, Chicago,
I l l i n o i s ”: The U n iv e rs ity  o f  Chicago P re s s , 19k9*
Tuve, Rosemond, " In tro d u c tio n , " The Zodiake o f  l i f e  by M arcellus P a l in -  
g erdus.  T ran s la ted  by  Barnabe Googe, New York: S c h o la rs ’ Facsim -
i l e s  & R e p r in ts , 19^7, PP* v -x x v i.
Taux, C arra  d e . Avicenne,  P a r is :  F e lix  A lcan , 1900,
W arrain , F r a n c is ,  E ssa i s ^  l^hannon ices imindi ou Musique du monde de
Johann K ep ler,  lome 1 ; Fondements mathématiques de 1»harm onie.
Tome I I : '  "L*Tiarmonie p lanétaire d*après Kepler adaptée A nos con­
naissances a c tu e lle s ,  ÿ ^ i s  : Hermann & Ci®  ̂ 19h2.
W arren, W illiam  F a i r f i e l d .  The E a r l i e s t  Cosm ologies, The U niverse as 
^ c t u r e d  in  Thought l y  th e  .to c ie n i Hebrews, B abyInnians, E gyp tians, 
G reeks, I r a n ia n s ,  and Indo-Ary'ans, A (guidebook f o r  B eginners i n  
th e  ë tu d y  o f  A ncient l i t e r a t u r e s  and R e lig io n s , New York: Eaton
& M ains, I 909 .
W ulf, î& u rice  d e . H is to ry  o f M ediaeval P h ilosophy, T ran s la ted  by E rnest 
C, M essenger, ^ v o ls ,  London: Longmans, Green & C o., l t d , ,  1926*
